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A b s t r a c t   
 

Dietary bioactives that increase the efficiency of feed nutrient use can provide sustainable 

and safe livestock products. Some bioactives are modifiers of rumen function in ruminants. These 

compounds are mostly administered separately. This paper is the first to describe the metabolic changes 

during in vitro incubation of the Kazakh white-headed bull ruminal liquid (RL) with feed composi-

tions (biosubstrates) containing phytopreparations and cobalt chloride. The most effective combi-

nations and dosages of these additives are evaluated. It was found out that Artemisiae absinthil herba 

(2.0 g/kg DM) + CoCl2 (1.5 mg/kg DM) increases digestibility of feed dry matter (by 2.1 %), the 

activity of digestive enzymes and the concentration of metabolites in the RL while decreases methane 

production by 33.9 %. Salviae folia (1.6 g/kg DM) + CoCl2 (1.5 mg/kg DM) provide the maximum 

reduction in methane emissions (by 46.3 %). Plant preparations increase the activity of RL amylase 2.6-

4.0-fold and RL proteases 3.6-fold compared to control. Our goal was to reveal the effect of herbal 

preparation and cobalt chloride combination on the metabolic changes assessed in RL by in vitro tech-

nique. The experiments were carried out in 2021 at the BST RAS (Orenburg). Rumen liquid (RL) was 

sampled from four Kazakh white-headed bulls (Bos taurus taurus) weighing 250-265 kg at the age of 

9-10 months. The samples were collected 12 h after feeding, through a chronic rumen fistula. The 

control ration (variant I) was 70 % coarse feed (mixed meadow hay) and 30 % concentrated feed 

(crushed barley). Test rations II was added with CoCl2 (1.5 mg/kg DM; OOO NPK Ascont+, Russia), 

III with Salviae folia (1.6 g/kg DM), IV with Artemisiae absinthil herba (2.0 g/kg DM), V with 

Salviae folia (1.6 g/kg DM) + CoCl2 (1.5 mg/kg DM), and VI with Artemisiae absinthil herba (2.0 

g/kg DM) + CoCl2 (1.5 mg/kg DM). Each RL sample was tested 4-fold (n = 16). Feed samples 

weighing 500 mg in polyamide bags were incubated for 48 h at 39.5 C in a mixture of buffer solution 

with RL. At the end of incubation, the samples were rinsed and dried at 60 C to a constant mass. 

The coefficient of digestibility in vitro of dry matter was calculated. Air samples were taken separately 

from each container to determine the methane content by gas chromatography (a Crystallux-2000M 

device, OOO NPF Meta-chrome, Russia). The amount of volatile fatty acids (VFA) in the RL was 

determined by gas chromatography with flame ionization detection (a gas Crystallux-4000M chro-

matograph). The concentration of various forms of nitrogen was determined by the Kjeldahl method 

(the Millab company equipment, Italy). Amylase activity was measured by Smith-Roy method modi-

fied by Anosone for high activity enzymes in the pancreatic juice. Proteolytic activity was assessed 

colorimetrically ( = 450 nm) by destruction of Hammarsten Grade casein. The dry matter of biosub-

strates was determined by drying to a constant mass at 60 C. It was found that Salviae folia and 

Artemisiae absinthil herba shifted the fermentation during incubation towards propionate and butyrate. 

A. absinthil herba increased the intensity of nitrogen metabolism in RL during incubation, while total nitrogen 

content increased by 11.6 %, non-protein nitrogen by 144.3 %, ammonia by 71.4 %, and urea by 31,7 % 

(p < 0.05). Phytomaterials significantly increased the activity of amylase, proteases, and the concentra-

tion of VFA, but also increased the methane emission. Combinations of phytomaterials and cobalt 

chloride had a positive effect on the fermentation processes in the “artificial rumen”. The maximum 

effect was revealed when using A. absinthil herba and cobalt chloride. There was an increase in the 

digestibility of dry matter with a decrease in methane formation by 2.1 %, and an increase in the 
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activity of digestive enzymes and the volatile fatty acid concentration. 
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The emergence of bacterial resistance and the abandonment of the use of feed 

antibiotics as growth promoters [1] have led to the need for searching natural and safe 

alternatives, such as probiotics, prebiotics, mineral components or phytobiotics [2, 3]. 

Through secondary metabolism, plants produce a variety of organic com-

pounds that can be beneficial to animals. Phytobiotics have been shown to exhibit 

high biological activity. They have been investigated as modifiers of rumen function 

in ruminants [4-6]. Thus, the addition of a mixture of plant extracts had a positive 

effect on ruminal fermentation and growth performance in bulls consuming large 

amounts of feed concentrates [7]. Another study [8] found a positive effect of neomy-

cin and oregano leaves on the severity of gastrointestinal diseases, as well as the mor-

tality of newborn calves. 

Plants and their bioactive compounds with antimicrobial properties have been 

found to improve feed utilization and animal productivity by altering microbial fer-

mentation in the rumen [9]. However, currently plant products are used in the feed 

industry mainly as additives, flavorings and appetite stimulants [10]. Despite many 

studies, mostly in vitro, on the potential use of phytobiotics [6, 7], there is little in-

formation on their use in combination with other substances to improve metabolic 

processes and stimulate growth. 

Previously, in in vitro experiments, we tested herbal remedies Salviae folia, 

Inulae rhizomata et radices, Artemisiae absinthil herba, Scutellaria baicalensis, Origanum 
vulgare and selected samples, the sage leaves and wormwood grass that showed the 

greatest functional activity [11]. Bioactive substances of herbal preparations, such as 

alkaloids, flavonoids, saponins, tannins, phenolic compounds, terpenoids and essential 

oils, optimize protein metabolism, reduce methane production and acidosis, which 

ultimately improves fermentation in the rumen [12]. To correct the effect of herbal 

preparations on methane production and fermentation in the rumen, it is necessary 

to investigate the effectiveness of using their compositions with chemical elements. 

Cobalt is a promising chemical element because it is important for the mi-
crobial population in the rumen of ruminants, in particular for cellulolytic microor-
ganisms. In addition, the production of vitamin B12, vital for the host and protozoa, 
increases with the amount of cobalt available through bacterial synthesis [13-15]. A 
mixture of essential plant ingredients and organic cobalt in small ruminants ]16] 
helped reduce the formation of methane and ammonia in the rumen and improve 
fermentation, and the form and amount of cobalt had a toxic effect on the number 
of methanogenic bacteria [17]. 

This paper describes for the first time changes in metabolic parameters in 
rumen fluid in vitro when herbal remedies and cobalt chloride were added to diet 
samples (biosubstrates), and the most effective combinations and dosages of these 
additives were determined. When using the Artemisiae absinthil herba complex (2.0 
g/kg DM) and CoCl2 (1.5 mg/kg DM), an increase in the digestibility of dry matter, 
the activity of digestive enzymes and the content of metabolites in the rumen fluid, as 
well as a decrease in methane formation were revealed. The use of the Salviae folia 
complex (1.6 g/kg DM) and CoCl2 (1.5 mg/kg DM) led to the maximum reduction 
in in vitro methane formation. 

The purpose of the work is to study in vitro the effect of herbal preparations 
and cobalt chloride (separately and in combination) on changes in metabolic param-
eters in the rumen fluid of bulls (“artigicial rumen method”). 

Materials and methods. The experiments were carried out in 2021 at the 

Shared Use Center of the BAT RAS (Orenburg). The material for the study was 

obtained from bulls (Bos taurus taurus) of the Kazakh white-headed breed (N = 4), 
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with an average weight of 250-265 kg at the age of 9-10 months. The animals were 

kept individually on a leash in standard cages, fed twice a day, access to water was 

unlimited. Feeding was carried out with regards to the recommendations of A.P. Kal-

ashnikov et al. [18]. 

Rumen fluid (RF) was collected 12 h after feeding, through a chronic rumen 

fistula (d = 80 mm; Ankom Technology Corp., USA) with a rubber hose (outer di-

ameter 40 mm) into a 3-liter thermos. Transportation was carried out at 4-8 С for 

20-30 min. RF, preheated to 39 С, was used immediately upon arrival at the labor-

atory. 

The studies were carried out in vitro using an Ankom DaisyII incubator 

(Ankom Technology Corp., USA) according to a special technique [19, 20]. Before 

use, RF samples were filtered through 4 layers of gauze and mixed with a buffer 

solution (1:4). The chemical composition of the buffer solution corresponded to saliva 

and maintained the pH of the “artificial rumen” close to physiological range (pH 6.0-

6.5). Before mixing, the buffer solution was heated to 39 С and saturated with CO2. 

Control diet (sample I) was 70% roughage (mixed-grass meadow hay) and 

30% concentrated feed (crushed barley). Five test samples were added with phytosub-

stances and chemical elements, sample II with CoCl2 (1.5 mg/kg DM; NPK Askont+ 

LLC, Russia), sample III with Salviae folia (1.6 g/kg DM), sample IV with Artemisiae 
absinthil herba (2.0 g/kg DM), sample V with Salviae folia (1.6 g/kg DM) + CoCl2 

(1.5 mg/kg DM), sample VI with Artemisiae absinthil herba (2.0 g/kg DM) + CoCl2 

(1.5 mg/kg DM). The choice of dosages of herbal preparations and chromium chlo-

ride was based on previous studies and recommendations [21, 22]. Each RF sample 

from 4 animals was tested 4 times (n = 16). Salviae folia (LSR-005376/07, Kras-

nogorskleksredstva JSC, Russia) contained 1.3-2.5% essential oil, consisting of D--

pinene, cineole ( 15%), - and β-thujone, D-borneol and D-camphor. Alkaloids, 

flavonoids, tannins, oleanolic and ursolic acids were also found in the leaves of 

this plant [21]. Artemisiae absinthil herba (LSR-000171/08, LLC PKF FITOFARM, 

Russia) contained sesquiterpene lactones, bitter glycosides (absinthine, anab-

sinthine, artabsin, etc.), which give the plant a peculiar bitter taste, saponins, flavo-

noids, phytoncides, ascorbic acid, resinous and tannin substances, potassium salts, 

artemisetin, essential oil (0.2-0.5%), carotene, organic acids (malic, succinic) [21]. 

Feed samples (500 mg) were placed in polyamide bags and incubated in a 

mixture of a buffer solution with rumen fluid for 48 h at 39.5 С. At the end of 

incubation, the samples were washed and dried at 60 С to constant weight. 

The in vitro dry matter digestibility coefficient was calculated as the dif-

ference in the feed sample mass with the bag before and after incubation:  

K = (A  B)/C ½ 100%, 

where K is the digestibility coefficient of the feed dry matter, %, A is the weight of 
the feed sample with bag before incubation, mg, B is the weight of the food sample 
with the bag after incubation, mg, C is initial weight of the food sample without the 
weight of the bag before incubation, mg. 

After incubation, air samples were collected separately from each incubator 
container into special glass 200 ml3syringes with rubber stoppers to determine the 
methane content by gas chromatography (a Kristallyuks-2000M device, OOO NPF 
Meta-Chrome, Russia). The amount of volatile fatty acids (VFA) in the RF was de-
termined by gas chromatography with flame ionization detection (a Kristallyuks-
4000M gas chromatograph). The content of various forms of nitrogen was assessed (a 
Millab equipment, Italy) according to Kjeldahl. 

Amylase activity was measured by the Smith-Roy method modified by Ano-

son to determine high enzyme activity in pancreatic juice [23] and was expressed in 

mg of digested starchŁml1Łmin1. Amylase activity estimates were based on the hy-

drolysis of starch paste. By measuring the color intensity of a starch solution with 
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iodine reagent on KFK-3-01 (JSC ZOMZ, Russia), the rate of hydrolysis of the paste 

(amylase substrate) was determined. The activity of proteolytic enzymes was assessed 

by the amount of digested purified Hammersten casein with colorimetric control 

( = 450 nm) [24]. The technique was based on the colorimetric determination of 

casein concentration on KFK-3-01. The dry matter (DM) of biosubstrates was deter-

mined by drying to constant weight at 60 С. 

Animal care and experimental studies were carried out in accordance with the 

instructions and recommendations of regulations, the Order of the USSR Ministry of 

Health No. 755 of August 12, 1977 “On measures to further improve organizational 

forms of work using experimental animals” and Guide for the Care and Use of La-

boratory Animals (National Academy Press, Washington, D.C., 1996). During the 

experiments, measures were taken to minimize animal suffering and reduce the num-

ber of prototypes. 

The data were processed using the SPSS Statistics 20 program (IBM, USA). 

Mean values (M) and standard errors of means (±SEM) were calculated. The statis-

tical significance of differences between the experimental and control groups was de-

termined by Student’s t-test; differences were considered significant at p  0.05 and 

p  0.01. 

Results. The composition and nutritional value of the diet of the animals from 

which ruminal fluid were sampled are shown in Table 1. 

1. Composition and nutritional value of the daily diet (per 1 animal) of the Kazakh 
white-headed bulls (Bos taurus taurus) producing rumen liquid for in vitro tests 
(Center for shared equipment use BAT RAS, 2021) 

Ingredient   Amount  
Mixed grass hay, kg 4.5 
Legume hay, kg 3.2 
Concentrates, kg 1.8 
Table salt, kg 0.035 
Vitamin A, thousand IU 30.0 
Vitamin D, thousand IU 2.7 
The diet contained: 

dry matter, kg 8.78 
exchange energy, MJ 70.0 
crude protein, kg 0.52 
crude fiber, kg 2.46 
neutral detergent fiber, kg 0.55 
acid detergent fiber, kg 0.41 
hemicellulose, kg 0.15 
crude fat, kg 0.24 
organic matter, kg 8.20 
calcium, g 45.0 
phosphorus, g 33.0 

 

The digestibility of the dietary DM with the inclusion of phytochemicals in-

creased in sample III by 1.3% (p  0.05) and decreased in sample IV by 2.9% vs. 

control (Fig. 1). Cobalt chloride increased the digestibility of dry matter by 1.5%. The 

best digestibility was haracteristic of composition Artemisiae absinthil herba + CoCl2, 

being 2.1% higher vs. control (p  0.05). For Salviae folia + CoCl2, the value was 

1.3% higher than the control. These findings are indirectly supported by previous 

studies that found that essential oils from certain Artemisiae species improved in vitro 

rumen fermentation and dry matter digestibility [25]. This fact is explained by the 

likely increase in the content of terpenes, which are present in significant quantities 

in the wormwood extract. Feed intake is inversely related to dietary terpene concen-

trations, and ruminants cannot consume terpenes above a threshold [26]. Terpenoid 

extracts of wormwood suppress rumen microbiota and reduce the rate of cellulose 

digestion [27]. Additionally, J.P. Wu et al. [28] noted a change in rumen fermentation 

and better absorption of substances when adding a mixture of oregano (Origanum 

vulgare L., Lamiaceae) essential oils and cobalt lactate. In our experiment, the similar 
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effects occurred for S. folia (Lamiaceae) and A. absinthil herba.  
 

 

Fig. 1. Dry matter in vitro digestibility of diet composition added with herbal remedies and CoCl2 after 

48-hour incunation in the rumen fluid collected from Kazakh white-headed bulls (Bos taurus taurus): 

I — control, II — CoCl2 (1.5 mg/kg DM), III — Salviae folia (1.6 g/kg DM), IV — Artemisiae 

absinthil herba (2.0 g/kg DM), V — Salviae folia (1.6 g/kg DM) + CoCl2 (1.5 mg/kg DM), VI — 

Artemisiae absinthil herba (2.0 g/kg DM) + CoCl2 (1.5 mg/kg DM) (n = 16, M±SEM, Center for 

shared equipment use BAT RAS, 2021).  

* and ** Differences from control are statistically significant at р  0.05 and p  0.01, respectively. 
 

Artemisiae absinthil herba increased the content of total nitrogen by 11.6% 

(p  0.05) vs. control. In sample II, the total nitrogen decreased by 10.6%, in III by 

22%, in V by 19.7%, in VI by 14.4% (p  0.05). A direct relationship was found 

between protein nitrogen and the metabolism of total nitrogen (Table 2). The content 

of non-protein nitrogen in the test samples, on the contrary, was higher than in the 

control, by 76.7% in sample III (p  0.05), by 144.3% in samples IV (p  0.05) by 

28.3% in samples V, by 16.7% in samples VI. 

2. Nitrogen content after in vitro incubation of diet samples added with herbal reme-
dies and CoCl2 in the rumen liquid of the Kazakh white-headed bulls (Bos taurus 
taurus) (n = 16, M±SEM, Center for shared equipment use BAT RAS, 2021) 

Treatment  
N, mg% 

total  non-protein  ammonia  urea  protein 
I (control) 92.4±1.71 21.0±1.13 4.2±0.90 4.1±1.51 71.4±2.02 

II (CoCl2, 1,5 мг/кг СВ) 82.6±1.12 19.6±1.42 3.5±0.91 6.4±1.20* 63.0±1.33 

III (Salviae folia, 1,6 г/кг СВ) 72.1±1.83* 37.1±1.31* 5.9±0.51* 6.0±0.81 35.0±1.21* 

IV (Artemisiae absinthil herba  
2.0 g/lg DM) 103.1±1.61* 51.3±1.71* 7.2±1.81 5.4±1.92 51.8±1.43 

V (Salviae folia 1.6 g/kg DM + 
CoCl2 1.5 mg/kg DM) 74.2±1.41* 26.9±1.32 3.9±0.73 4.5±1.13 47.3±1.71* 

VI (Artemisiae absinthil herba 2.0 

g/kg DM + CoCl2 1.5 mg/kg DM) 79.1±1.22* 24.5±1.53 6.7±0.82* 4.5±1.31 54.6±1.51* 

* Differences from control are statistically significant at р  0.05. 

 

The content of various bioactive substances in plants [29, 30] which are eaten 

by animals, contributes to changes in enzymatic processes in the rumen. There may 

also be a dependence on the dosage of the administered components. Thus, a high 

content of wormwood in the diet of sheep led to an increase in the amount of am-

monia and nitrogen in the rumen [31]. Cobalt is necessary for enzymes of rumen 

microorganisms involved in nutrient metabolism [32, 33]. 

The likely mechanism of action of herbal substances is their ability to inhibit 

the activity of ammonia-producing bacteria in the rumen, with a corresponding 

change in the nitrogen content of the rumen fluid [34]. In addition, a decrease in the 

concentration of nitrogenous substances may be due to an increase in the proteolytic 

activity of microorganisms, which we will discuss hereinbelow. 
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The content of ammonia nitrogen turned out to be maximum with Artemisiae 
absinthil herba used both separately and with CoCl2, 7.2±1.81 and 6.7±0.82 mg%, 

respectively (see Table 2). 
 

 

Fig. 2. Activity of amylase (A) and proteolytic enzymes (B) after in vitro incubation of diet samples 

added with herbal remedies and CoCl2 in the rumen liquid of the Kazakh white-headed bulls 

(Bos taurus taurus): I — control, II — CoCl2 (1.5 mg/kg DM), III — Salviae folia (1.6 g/kg DM), 

IV — Artemisiae absinthil herba (2.0 g/kg DM), V — Salviae folia (1.6 g/kg DM) + CoCl2 (1.5 mg/kg 

DM), VI — Artemisiae absinthil herba (2.0 g/kg DM) + CoCl2 (1.5 mg/kg DM) (n = 16, M±SEM, 

Center for shared equipment use BAT RAS, 2021).  

* Differences from control are statistically significant at р  0.05. 
 

The introduction of phytonutrients into the micro-diet led to an increase in 

the activity of digestive enzymes, amylase and proteases in RF in vitro (Fig. 2, 3). 

Thus, amylase activity was higher vs. control in sample II by 64.5% (p  0.05), in 

sample III by 303.7% (p  0.05), in sample IV by 164.6% (p  0.05), in sample V by 

130.7% (p  0.05), in sample VI by 11.9%. The maximum amylolytic activity was 

recorded for S. folia. Our results confirm previous data, according to which decoctions 

of the aerial parts of Salvia aegyptiaca and Salvia verbenaca showed lower activity 

towards -amylase [35]. There is also an opposite opinion [36] that an aqueous solu-

tion of Salvia eriophora inhibited the enzyme -amylase due to the presence of phe-

nolic substances (fumaric and caffeic acid, epicatechin) in the extract. 

In the control, protease activity was 32.7±0.12 mgŁml-1Łmin-1. When S. fo-
lia and CoCl2 were added together, the protease activity showed maximum (12.4 times 

higher than the control, p  0.05). In sample VI, proteolytic activity was 7.3 times 

higher than in the control (p  0.05). Cobalt chloride increased the protease activity 
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by 3.2 times (p  0.05), and the phytosubstances S. folia and A. absinthil herba by 3.4 

times (p  0.05). 

In the available literature, data on this issue are contradictory. Thus, salvi-

anolic acid, the most common bioactive component of Salvia miltiorrhiza, can inhibit 

metalloproteinase [37]. High proteolytic activity could be associated with the domi-

nant effect of cobalt. It is known that aqueous metal complexes with cobalt enhance 

proteolytic activity [38]. As for Artemisiae, these grass species contain nitrogenous 

metabolites [39] which probably contribute to the activation of proteases of rumen 

microorganisms. 

Our studies have shown that the herbal substances of S. folia and A. absinthil 
herba can shift rumen fermentation towards propionate and butyrate prodution. When 

using A. absinthil herba, we noted an increase in nitrogen metabolism in the RF with 

an increase in total nitrogen by 11.6%, non-protein nitrogen by 144.3%, ammonia 

nitrogen by 71.4%, and urea nitrogen by 31.7% (p  0.05). It has previously been 

shown that herbal substances shift rumen fermentation towards propionate and re-

duces ammonia concentrations and methane production due to effects of bioactive 

substances such as terpenoids [40, 41], essential oils [42, 43] and tannins [44] on 

rumen microorganisms. The increase in the amount of nitrogenous substances may 

also be associated with the presence of similar metabolites in Artemisiae [39]. 

3. Volatile fatty acid concentration after in vitro incubation of diet samples added with 
herbal remedies and CoCl2 in the rumen liquid of the Kazakh white-headed bulls 
(Bos taurus taurus) (n = 16, M±SEM, Center for shared equipment use BAT 

RAS, 2021) 

Treatment 
Volatile fatty acids, mmol/l 

acetic  propionic  butyric  valerian  nylon 
I (control) 0.070±0.0002 0.010±0.0001 0.020±0.0001 0.030±0.0004 0.008±0.0006 

II (CoCl2, 1.5 mg/kg DM) 0.250±0.0050** 0.014±0.0003 0.008±0.0020 0.020±0.0011 0.006±0.0010 

III (Salviae folia, 1.6 g/kg 

DM) 0.070±0.0020 0.050±0.0040* 0.060±0.0030* 0.041±0.0050 0.014±0.0003 

IV (Artemisiae absinthil herba 
2.0 g/lg DM) 0.080±0.0010 0.020±0.0010 0.170±0.0020* 0.063±0.0040 0.030±0.0010 

V (Salviae folia 1.6 g/kg DM 
+ CoCl2 1.5 mg/kg DM) 0.250±0.0030 0.260±0.0020** 0.160±0.0030* 0.190±0.0020** 0.140±0.0020** 

VI (Artemisiae absinthil 
herba 2.0 g/kg DM + CoCl2 

1.5 mg/kg DM) 0.460±0.0060** 0.36±0.00400* 0.180±0.0050* 0.030±0.0001 0.050±0.0002** 

* and ** Differences from control are statistically significant at р  0.05 and p  0.01, respectively. 

 

The VFA content in the control and test treatmrnts with the addition of phy-

tochemicals turned out to be quite low (Table 3). Cobalt chloride increased the con-

centration of acetic acid when testing samples II and V by 3.6 times (p  0.01), sample 

VI by 6.6 times (p  0.01) vs. control. The concentration of propionic acid also 

increased in all test variants with CoCl2, in the presence of S. folia by 26 times 

(p  0.01), A. absinthil herba by 36 times (p  0.05). Results suggest that cobalt chlo-

ride may increase microbial methylmalonyl-CoA mutase activity, thereby increasing 

the amount of propionic acid in rumen contents [45]. 

The amount of butyric acid was higher copared to control in all variants with 

phytosubstances, in sample III by 3.0 times, in sample IV by 8.5 times, in sample V 

by 8.0 times, in sample VI by 9.0 times (p  0.05). Propionic acid is the only gluco-

neogenic VFA produced in the rumen, which is absorbed and metabolized to succin-

ate through a series of reactions [46, 47]. However, cobalt chloride at a dosage of 

1.5 mg/kg DM had no effect on the production of propionate and contributed to a 

decrease in the amount of butyrate and an increase in methane formation by 51.2% 

(p  0.05). Vitamin B12 serves as a growth factor for ruminal bacteria such as Prevotella 
ruminicola and Methanomicrobium mobile. Prevotella ruminicola increases the content 

of propionic acid in the rumen, which contributes to an increase in the methane 

concentration. 
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Combinations of phytosubstances and cobalt chloride had a positive effect on 

in vitro fermentation processes in RF. The best effect ocurred when using A. absinthil 
herba and cobalt chloride, that is, the digestibility of DM increased, while methane 

production decreased by 33.9%, the activity of digestive enzymes increased, as well as 

the concentration of VFAs in the rumen fluid (see Tables 3, 4 ). 

Controlling greenhouse gas emissions is critical to industrial beef production. 

Thus, polyphenols of phytobiotics can significantly influence the microbiome of the 

digestive system of ruminants, including reduced abundance of methanogenic archaea 

[48]. Due to their natural origin and safety, essential oils are increasingly used to 

modify the microbiome, especially to reduce methane production in ruminants [34]. 

The methane concentration in our tests increased vs. control by 51.2% with 

cobalt chloride, and by 16.5% (p  0.05) with Salviae folia. Phytosubstances + cobalt 

chloride contributed to a reduction in methane synthesis in samples V and VI by 46.3 

and 33.9%, respectively (p  0.05) (see Table 4). 

4. Methane emission after in vitro incubation of diet samples added with herbal rem-
edies and CoCl2 in the rumen liquid of the Kazakh white-headed bulls (Bos taurus 

taurus) (n = 16, M±SEM, Center for shared equipment use SAT RAS, 2021) 

Treatment 
Methane concentration  

СН4, g/m3 СО2 equivalent/g 
I (control) 12.1±2.2 302.5±1.1 

II (CoCl2, 1.5 mg/kg DM) 18.3±2.3* 457.5±3.1* 

III (Salviae folia, 1.6 g/kg DM) 14.1±1.9* 352.5±2.4 

IV (Artemisiae absinthil herba 2.0 g/kg DM) 9.4±2.4 235.0±1.9* 

V (Salviae folia 1.6 g/kg DM + CoCl2 1.5 mg/kg DM) 6.5±1.2* 162.5±2.3 

VI (Artemisiae absinthil herba 2.0 g/kg DM + CoCl2 1.5 mg/kg DM) 8.0±1.4* 200.0±2.5 

* Differences from control are statistically significant at р  0.05. 

 

Some papers have reported that phytochemicals are effective in reducing ru-

minal acetate and ammonia concentrations and methane production in small rumi-

nants and beef cattle [49-51]. In our experiments, the amount of methane decreased 

only with A. absinthil herba by 22.3%, and with S. folia, on the contrary, it increased 

by 16.5% (p  0.05). 

A likely mechanism for reducing methanogenesis may be inhibition of the 

enzymes responsible for this process. Methyl-CoM reductase is known to play a sig-

nificant role in methanogenesis [51]. Finding target molecules to inhibit this enzyme 

in ruminants is an important task. There is evidence that phytochemicals have better 

affinity for hydrogen bonds and can be used to reduce methanogenesis [52]. 

It is possible that a decrease in methanogenesis also results from changes in 

the populations of methanogenic bacteria in the rumen fluid. It was previously found 

that A. capillaris extract reduced methane emissions by 14% (p < 0.05) after 48 h of 

incubation with a reduce in the abundance of methanogen communities (ciliates and 

methanobacteria populations) [53]. A similar effect was observed under the influence 

of a mixture of essential oils and cobalt carbonate [16]. In addition, some sources and 

dosages of cobalt had toxic effects on the abundance of methanogenic bacteria [17]. 

The amount of CH4 and CO2 equivalent were maximally reduced when using 

the Salviae folia and CoCl2 composition (p  0.05). The molar fractions of acetate, 

propionate and butyrate in this variant increased significantly compared to the control, 

while the intensity of nitrogen metabolism in RF was high. It was found that the 

introduction of cobalt into a micro-diet without herbal substances did not reduce 

methane formation and worsened the DM digestibility of the diet. It has previously 

been noted that the total content and individual quantity of some short-chain fatty 

acids, the acetate:propionate ratio, pH and overall gas production in the rumen of 

ruminants are significantly dependent on certain plant substrates (wormwood, cham-

omile, fumitory and mallow) [54], which was also observed in our experiments. 

Thus, when using herbal preparations and cobalt chloride (individually and in 
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combination) as part of biosubstrates, changes in metabolic parameters in the rumen 

fluid of bulls in vitro (“artificial rumen”) were not uniform. Phytosubstances signifi-

cantly increased the activity of amylase, proteases, the concentration of volatile fatty 

acids in the rumen fluid and activated nitrogen metabolism, but also increased the 

methane emission. The combination of Artemisiae absinthil herba and Salviae folia 
with CoCl2 reduced methane production and enhanced metabolization. For the com-

plex of Artemisiae absinthil herba (2.0 g/kg DM) and CoCl2 (1.5 mg/kg DM), the 

activity of digestive enzymes and the content of metabolites in the rumen fluid in vitro 

increased and methane emission decreased by 33.9%, while DM digesability was 2,1% 

higher compared to control. The complex of Salviae folia (1.6 g/kg DM) and CoCl2 

(1.5 mg/kg DM) maximally reduced methane production (by 46.3%). Herbal prepa-

rations contributed to an increase in amylase activity in the rumen fluid by 2.6-4.0 

times and protease activity by 3.6 times when compared to the control. However, we 

did not identify patterns of dose-dependent changes in metabolic parameters in the 

rumen fluid when combining herbal preparations and cobalt chloride, so we plan to 

continue studying the effect of herbal substances (individually or in combination with 

other substances) on the ruminant rumen microbiome.  

 
R E F E R E N C E S  

 
1. Chattopadhyay M.K. Use of antibiotics as feed additives: a provocative question. Frontiers in 

Microbiology, 2014, 5: 1-3 (doi: 10.3389/fmicb.2014.00334). 

2. Khiaosa-ard R., Zebeli Q. Meta-analysis of the effects of essential oils and their bioactive com-

pounds on rumen fermentation characteristics and feed efficiency inruminants. Journal of Animal 
Science, 2013, 91(4): 1819-1830 (doi: 10.2527/jas.2012-5691). 

3. National Research Council. Nutrient requirements of small ruminants: sheep, goats, cervids, and 

new world camelids. National Academies Press, Washington, DC, 2007. 

4. Oh J., Hristov A.N. Effects of plant-derived bioactive compounds on rumen fermentation, nutri-

ent utilization, immune response, and productivity of ruminant animals. In: Medicinal and aro-
matic crops: production, phytochemistry, and utilization. V.D. Jeliazkov (Zheljazkov), C.L. Cantrel 

(eds.). American Chemical Society Publications, 2016, Washington, DC: 167-186 (doi: 

10.1021/bk-2016-1218.ch011). 

5. Oh J., Wall E.H., Bravo D.M., Hristov A.N. Host-mediated effects of phytonutrients in rumi-

nants: a review. Journal of Dairy Science, 2017, 100(7): 5983-5983 (doi: 10.3168/jds.2016-12341). 

6. Kuralkar P., Kuralkar S.V. Role of herbal products in animal production — an updated review. 

Journal of Ethnopharmacology, 2021, 278: 114246 (doi: 10.1016/j.jep.2021.114246). 

7. Devant M., Anglada A., Bach A. Effects of plant extract supplementation on rumen fermentation 

and metabolism in young Holstein bulls consuming high levels of concentrate. Animal Feed Science 
and Technology, 2007, 137(1-2): 46-57 (doi: 10.1016/J.ANIFEEDSCI.2006.10.003). 

8. Bampidis V.A., Christodoulou V., Florou-Paneri P., Christaki E. Effect of dried oregano leaves 

versus neomycin in treating newborn calves with colibacillosis. Journal of Veterinary Medicine 
Series, 2006, 53(3): 154-156 (doi: 10.1111/J.1439-0442.2006.00806.X). 

9. Calsamiglia S., Busquet M., Cardozo P.W., Castellanos L., Ferret A. Invited review Essential oils 
as modifiers of rumen microbial fermentation. Journal of Dairy Science, 2007, 90(6): 2580-2595 
(doi: 10.3168/JDS.2006-644). 

10. Franz C.K., Baser H.C., Windisch W. Essential oils and aromatic plants in animal feeding a 

European perspective. A review. Flavour and Fragrance Journal, 2010, 25(5): 327-340 (doi: 

10.1002/FFJ.1967). 

11. Sheida E.V., Ryazanov V.A., Denisenko K.S., Shoshina O.V. Changes in the concentration of 

methane in the ecosystem in vitro against the background of Asteraceae family plants biomass. 

BIO Web of Conferences, 2022, 42: 01015 (doi: 10.1051/bioconf/20224201015).  

12. Kumar M., Kumar V., Roy D., Kushwaha R., Vaswani S. Application of herbal feed additives in 

animal nutrition — a review. International Journal of Livestock Research, 2014, 4(9): 1-8 (doi: 

10.5455/ijlr.20141205105218). 

13. Stangl G., Schwarz F., Müller H., Kirchgessner M. Evaluation of the cobalt requirement of beef 

cattle based on vitamin B12, folate, homocysteine and methylmalonic acid. British Journal of 
Nutrition, 2000, 84(5): 645-653 (doi: 10.1017/S0007114500001987). 

14. González-Montaña J.R., Escalera-Valente F., Alonso A.J., Lomillos J.M., Robles R., 

Alonso M.E. Relationship between vitamin B12 and cobalt metabolism in domestic ruminant: an 

update. Animals, 2020, 10(10): 1855 (doi: 10.3390/ani10101855). 

15. Dezfoulian A.H., Aliarabi H. A comparison between different concentrations and sources of cobalt 
in goat kid nutrition. Animal, 2017, 11(4): 600-607 (doi: 10.1017/S175173111600197X). 



722 

16. Lei Z., Zhang K., Li C., Jiao T., Wu J., Wei Y., Tian K., Li C., Tang D., Davis D.I., Casper D.P., 

Jiang H., Wang X., Wang J. Ruminal metagenomic analyses of goat data reveals potential func-

tional microbiota by supplementation with essential oil-cobalt complexes. BMC Microbiol., 2019, 

19(1): 30 (doi: 10.1186/s12866-019-1400-3). 

17. Abdelsalam E., Samer M., Attia Y.A., Abdel-Hadi M.A., Hassan H.E., Badr Y. Effects of Co and 

Ni nanoparticles on biogas and methane production from anaerobic digestion of slurry. Energy 
Conversion and Management, 2017, 141: 108-119 (doi: 10.1016/j.enconman.2016.05.051). 

18. Kalashnikov A.P., Fisinin V.I, Shcheglov V.V., Kleymenov N.I Normy i ratsiony kormleniya 

sel’skokhozyaystvennykh zhivotnykh. Spravochnoe posobie, 3-e izd. pererabotannoe i dopolnennoe 
[Norms and rations for feeding farm animals. Reference manual, 3rd ed. revised and expanded]. 

Moscow, 2003 (in Russ.). 

19. Tassone S., Fortina R., Peiretti P.G. In vitro techniques using the DaisyII incubator for the 

assessment of digestibility: a review. Animals, 2020, 10(5): 775 (doi: 10.3390/ani10050775). 

20. Amin N., Tagliapietra F., Arango S., Guzzo N., Bailoni L. Free and Microencapsulated essential 

oils incubated in vitro: ruminal stability and fermentation parameters. Animals, 2021, 11(1): 180 

(doi: 10.3390/ani11010180). 

21. Pashtetsky V., Ostapchuk P., Kuevda T., Zubochenko D., Yemelianov S., Uppe V. Use of phy-

tobiotics in animal husbandry and poultry. E3S Web of Conferences, 2020: 02002 (doi: 

10.1051/e3sconf/202021502002). 

22. Gartner R., Young J., Pepper P.M. Hepatic copper concentration of steers grazing pastures on 

developed wet heath land in southeastern Queensland. Australian Journal of Experimental Agricul-
ture and Animal Husbandry, 1968, 8(35) 679-682.  

23. Batoev Ts.Zh. Fiziologicheskiy zhurnal SSSR imeni I.M. Sechenova, 1972, 58(11): 1771-1773 (in 

Russ.). 

24. Batoev Ts.Zh. Voprosy fiziologii i patologii zhivotnykh: Sbornik trudov Buryatskogo gosudarstvennogo 

sel’skokhozyaystvennogo instituta, 1971, 25: 22-26 (in Russ.). 

25. Lee S.S., Kim D.H., Paradhipta D.H.V., Lee H.J., Yoon H., Joo Y.H., Adesogan A.T., Kim S.C. 

Effects of wormwood (Artemisia montana) essential oils on digestibility, fermentation indices, and 

microbial diversity in the rumen. Microorganisms, 2020, 8(10): 1605 (doi: 10.3390/microorgan-

isms8101605). 

26. Villalba J.J., Provenza F.D., Olson K.C. Terpenes and carbohydrate source influence rumen fer-

mentation, digestibility, intake, and preference in sheep. J. Anim. Sci., 2006, 84(9): 2463-2473 

(doi: 10.2527/jas.2005-716). 

27. Nagy J.G., Tengerdy R.P. Antibacterial action of essential oils of Artemisia as an ecological factor. 

II. Antibacterial action of the volatile oils of Artemisia tridentata (big sagebrush) on bacteria from, 

1968, 16(3): 441-444 (doi: 10.1128/am.16.3.441-444.1968). 

28. Wu J.P., Zhou R., Liu L.S., Casper D.P., Lang X., Wang C.L., Zhang L.P., Wei S., Liu H.B. 

Growth performance, nutrient digestibility, blood parameters, and carcass characteristics by lambs 

fed an oregano and cobalt blend. Animal, 2021, 15(10): 100365 (doi: 10.1016/j.animal.2021.100365). 

29. Batiha G.E.-S., Olatunde A., El-Mleeh A., Hetta H.F., Al-Rejaie S., Alghamdi S., Zahoor M., 

Magdy Beshbishy A., Murata T., Zaragoza-Bastida A., Rivero-Perez N. Bioactive compounds, 

pharmacological actions, and pharmacokinetics of wormwood (Artemisia absinthium). Antibiotics, 
2020, 9(6): 353 (doi: 10.3390/antibiotics9060353). 

30. Ayrle H., Mevissen M., Kaske M., Nathues H., Gruetzner N., Melzig M., Walkenhorst M. Me-

dicinal plants — prophylactic and therapeutic options for gastrointestinal and respiratory diseases 

in calves and piglets? A systematic review. BMC Vet. Res., 2016, 6(12): 89 (doi: 10.1186/s12917-

016-0714-8). 

31. Kim S.S., Adesogan A.T., Kim J.H., Ko Y.D. Influence of replacing rice straw with wormwood 

(Artemisia montana) silage on feed intake, digestibility and ruminal fermentation characteristics of sheep. 

Animal Feed Science and Technology, 2006, 128(1-2): 1-13 (doi: 10.1016/j.anifeedsci.2005.09.011). 

32. Bishehsari S., Tabatabaei M.M., Aliarabi H., Alipour D., Zamani P., Ahmadi A. Effect of dietary 

cobalt supplementation on plasma and rumen metabolites in Mehraban lambs. Small Ruminant 
Research, 2010, 90(1-3): 170-173 (doi: 10.1016/J.SMALLRUMRES.2010.02.010). 

33. Kadim I.T., Johnson E.H., Mahgoub O., Srikandakumar A., Al-Ajmi D., Ritchie A., Annama-

lai K., Al-Halhali A.S. Effect of low levels of dietary cobalt on apparent nutrient digestibility in 

Omani goats. Animal Feed Science and Technology, 2003, 109(1-4): 209-216 (doi: 10.1016/S0377-

8401(03)00174-3).  

34. Hart K.J., Yáñez-Ruiz D.R., Duval S.M., McEwan N.R., Newbold C.J. Plant extracts to manip-

ulate rumen fermentation. Animal Feed Science and Technology, 2008, 147(1-3): 8-35 (doi: 

10.1016/j.anifeedsci.2007.09.007). 

35. Mamache W., Amira S., Ben Souici C., Laouer H., Benchikh F. In vitro antioxidant, anticho-

linesterases, anti--amylase, and anti--glucosidase effects of Algerian Salvia aegyptiaca and 
Salvia verbenaca. J. Food. Biochem., 2020, 44(11): e13472 (doi: 10.1111/jfbc.13472). 

36. Bursal E., Aras A., Kılıç Ö., Taslimi P., Gören A.C., Gülçin İ. Phytochemical content, antioxidant 

activity, and enzyme inhibition effect of Salvia eriophora Boiss. & Kotschy against acetylcholin-

esterase, -amylase, butyrylcholinesterase, and -glycosidase enzymes. J. Food. Biochem., 2019, 



 

723 

43(3): 12776 (doi: 10.1111/jfbc.12776). 

37. Liang Y.H., Li P., Huang Q.F., Zhao J.X., Liu X., Dai M.K. Salvianolic acid B in vitro inhibited 

matrix metalloproteinases-1, -2, and -9 activities. Zhong Xi Yi Jie He Xue Bao, 2009, 7(2): 145-

150 (doi: 10.3736/jcim20090210). 

38. Kim H.M., Jang B., Cheon Y.E., Suh M.P., Suh J. Proteolytic activity of Co(III) complex of 1-

oxa-4,7,10-triazacyclododecane: a new catalytic center for peptide-cleavage agents. J. Biol. Inorg. 
Chem., 2009, 14(1): 151-157 (doi: 10.1007/s00775-008-0434-z). 

39. Ur Rashid M., Alamzeb M., Ali S., Ullah Z., Shah Z.A., Naz I., Khan M.R. The chemistry and 

pharmacology of alkaloids and allied nitrogen compounds from Artemisia species: a review. Phy-
totherapy Research, 2019, 33(10): 2661-2684 (doi: 10.1002/ptr.6466). 

40. Klevenhusen F., Muro-Reyes A., Khiaosa-ard R., Metzler-Zebeli B.U., Zebeli Q. A meta-

analysis of effects of chemical composition of incubated diet and bioactive compounds on in 

vitro ruminal fermentation. Animal Feed Science and Technology, 2012, 176(1-4): 61-69 (doi: 
10.1016/j.anifeedsci.2012.07.008). 

41. Kholif A.E., Matloup O.H., Morsy T.A., Abdo M.M., Abu Elella A.A., Anele U.Y., Swan-

son K.C. Rosemary and lemongrass herbs as phytogenic feed additives to improve efficient feed 

utilization, manipulate rumen fermentation and elevate milk production of Damascus goats. Jour-
nal of Livestock Science, 2017, 204: 39-46 (doi: 10.1016/j.livsci.2017.08.001). 

42. Kholif A.E., Olafadehan O.A. Essential oils and phytogenic feed additives in ruminant diet: 

Chemistry, ruminal microbiota and fermentation, feed utilization and productive performance. 

Pharmacological Reviews, 2021, 20: 1087-1108 (doi: 10.1007/S11101-021-09739-3). 

43. Patra A.K. Dietary phytochemicals and microbes. Springer, New York, 2012 (doi: 10.1007/978-94-

007-3926-0). 

44. Patra A.K., Saxena J. Exploitation of dietary tannins to improve rumen metabolism and ruminant 

nutrition. Journal of the Science of Food and Agriculture, 2011, 91(1): 24-37 (doi: 10.1002/jsfa.4152). 

45. Tiffany M.E., Fellner V., Spears J.W. Influence of cobalt concentration on vitamin B12 produc-

tion and fermentation of mixed ruminal microorganisms grown in continuous culture flow-

through fermenters. Journal of Animal Science, 2006, 84(3): 635-640 (doi: 10.2527/2006.843635x). 

46. Kennedy D.G., Blanchflower W.J., Scott J.M., Weir D.G., Molloy A.M., Kennedy S., 

Young P.B. Cobalt-vitamin B12 deficiency decreases methionine synthase activity and phospho-

lipids methylation in sheep. The Journal of Nutrition, 1992, 122(7): 1384-1392 (doi: 

10.1093/JN/122.7.1384). 

47. Kennedy D.G., Young P.B., McCaughey W.J., Kennedy S., Blanchflower W.J. Rumen succinate 

production may ameliorate the effects of cobalt-vitamin B-12 deficiency on methylmalonyl CoA 

mutase in sheep. The Journal of Nutrition, 1991, 121(8): 1236-1242 (doi: 10.1093/JN/121.8.1236). 

48. Jouany J.-P., Morgavi D.P. Use of ‘natural’ products as alternatives to antibiotic feed additives 

in ruminant production. Animals, 2007, 1(10): 1443-1466 (doi: 10.1017/S1751731107000742). 

49. Hashemzadeh-Cigari F., Ghorbani G.R., Khorvash M., Riasi A., Taghizadeh A., Zebeli Q. Sup-

plementation of herbal plants differently modulated metabolic profile, insulin sensitivity, and ox-

idative stress in transition dairy cows fed various extruded oil seeds. Preventive Veterinary Medicine, 

2015, 118(1): 45-55 (doi: 10.1016/j.prevetmed.2014.10.013). 

50. Hashemzadeh-Cigari F., Khorvash M., Ghorbani G.R., Kadivar M., Riasi A., Zebeli Q. Effects 

of supplementation with a phytobiotics-rich herbal mixture on performance, udder health, and 

metabolic status of Holstein cows with various levels of milk somatic cell counts. Journal of Dairy 

Science, 2014, 97(12): 7487-7497 (doi: 10.3168/jds.2014-7989). 

51. Patra A., Park T., Kim M., Yu Z. Rumen methanogens and mitigation of methane emission by anti-

methanogenic compounds and substances. Journal of Animal Science and Biotechnology, 2017, 8: 13. 

52. Dinakarkumar Y., Rajabathar J.R., Arokiyaraj S., Jeyaraj I., Anjaneyulu S.R., Sandeep S., 

Karthik C.S., Appaturi J.N., Wilson L.D. Anti-methanogenic effect of phytochemicals on methyl-

coenzyme-M-reductase-Potential: in silico and molecular docking studies for environmental pro-

tection. Micromachines, 202, 12(11): 1425 (doi: 10.3390/mi12111425).  

53. Kim E.T., Moon Y.H., Min K.-S., Kim C.-H., Kim S.C., Ahn S.K., Lee S.S. Changes in mi-

crobial diversity, methanogenesis and fermentation characteristics in the rumen in response to 

medicinal plant extracts. Asian-Australasian Journal of Animal Sciences, 2013, 26(9): 1289-1294 

(doi: 10.5713/ajas.2013.13072). 

54. Petrič D., Mravčáková D., Kucková K., Čobanová K., Kišidayová S., Cieslak A., Ślusarczyk S., 

Váradyová Z. Effect of dry medicinal plants (wormwood, chamomile, fumitory and mallow) on 

in vitro ruminal antioxidant capacity and fermentation patterns of sheep. Journal of Animal Phys-

iology and Animal Nutrition, 2020, 104(5): 1219-1232 (doi: 10.1111/jpn.13349). 


