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ABSTRACT 

Effect of Indian herbal plants/roots on in vitro rumen 

fermentation pattern, three herbal feed additives i.e leaves and 

small stem of Achyranthus aspera (latzeera) T2, fruits of 

Terminelia belerica (Bahera) T3 and leaves of Boerhavia diffusa 

(Punernava) T4 were mixed @ 0.5% in the substrate feed and 

assessed individually using goat rumen liquor. After 48 h of 

incubation total VFA concentration was significantly (P<0.01) 

decrease in T2) than other treatments.  Total-N (mg/dl 

incubation medium) improved in T2. Propionate improved in all 

herbal treatments. However, butyrate is unaffected in all 

treatments. 
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INTRODUCTION 

Herbs, spices, have been used for more 

appetizing. These products are well recognized 

for their health benefits in many societies 

around the world. The use of medicinal plants is 

an option for livestock farmers for improved 

health (1-5) growth of livestock. Our research 

co-operatively documented and validated (in a 

non-experimental way) the ethnoveterinary 

medicines should use by livestock farmers. 

Ethnoveterinary medicine is the scientific term 

for traditional animal health care. Research into 

plant medicine is often undertaken as part of a 

community-based approach that serves to 

improve animal health and provide basic 

veterinary services in rural areas. There are lot 

of compounds derived from plants are non-toxic 

nature and having good medicinal properties (6-

11). An ideal phytochemical have anti fungal, 

anti bacterial as well as anti-tumor properties 

(12-16). Indian three herbs were taken to 

observe its effect on in vitro rumen 

fermentation pattern in goats. 

MATERIALS AND METHODS 

Three different herbal feed additives, i.e. 

control (T1, zero herbs), leaves and small stem 

of Achyranthus aspera (latzeera) T2, fruits of 

Terminelia belerica (Bahera) T3 and leaves of 

Boerhavia diffusa (Punernava) T4 were mixed 

@ 0.5% in the substrate and assessed 

individually under in vitro rumen 

fermentation system using goat rumen liquor. 

The substrate was prepared using herbal 

ingredient containing concentrate mixture 

(40%), gram straw (40%) and cowepea 

(20%). Total gas production and rumen 

fermentation pattern were observed in the in 

vitro bottles, which were incubated at 39 
0
C 

for 48h. Total nitrogen, TCA-precipitable-N, 

NH3-N and NPN were analyzed as per micro 

Kjeldahl method (17). Total VFAs in rumen 
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liquor were analyzed according to (18). 

Fractionation of VFAs was done by Gas 

Chromatograph according to (19). Substrates 

were analyzed for Proximate (17). 

RESULTS 

Total nitrogen (mg/dl incubation medium) and 

NPN (mg/dl incubation medium) marginally 

improved in latzeera added in vitro bottles T2, 

which is higher in T2 than other three 

treatments. NH3-N (mg/dl incubation 

medium), TCA-precipitable-N (mg/dl) and 

TVFA (mmol/dl incubation medium) were 

unaffected by such treatments. However, 

propionate (P) and A/P ratio positively 

affected all treatments. Therefore, it may be 

concluded that supplementation of Latzeera 

fruits @ 0.5% in the substrate feed improved 

in vitro rumen fermentation pattern than other 

herbal plants.  

Table 1: Total gas production and fermentation 

pattern as affected by different herbal constituents 

under in vitro system. 

S. no T1 

 

T2   T3 

 

T4  S.M.

E. 

Sig. 

pH 6.79 6.57 6.66 6.6 0.04 NS 

TVFA  9.82
b
 8.84

a
 9.48

ab
 9.88

b
 0.15 P<0.01 

Total-N  72.80
a
 97.44

b
 82.84

a
 81.76

a
 2.68 P<0.01 

NH3-N 27.68 26.04 25.48 24.92 0.44 NS 

NPN  31.08
a
 42.56

b
 30.24

a
 33.6

a
 1.33 P<0.01 

TCA 47.04 54.88 52.60 48.16 1.64 NS 

Acetate

% 

69.02 67.28 66.74 67.68 0.42 NS 

Propiona

te% 

19.01
a
 21.06

b
 21.26

b
 21.35

b
 0.31 P<0.01 

Butyrate

% 

11.98 11.66 12.01 10.97 0.33 NS 

A/P ratio 3.65
b
 3.21

a
 3.14

a
 3.17 

a
 0.06 P<0.01 

Means with different superscripts (a, b) in the row differ 

significantly.  

DISCUSSION  

pH under all treatments were in normal range 

(6.50-7.0), which indicated that there was no 

adverse effect of such herbal plants on pH 

under in-vitro rumen fermentation system. 

Earlier studies with different herbal additives 

indicated variable responses on in-vitro N-

metabolism. Ammonia nitrogen in the 

fermentation medium under in-vitro system 

was not affected by inclusion of eucalyptus oil 

(20) as also reported earlier with the inclusion 

of peppermint oil (21). (22, 23) reported 

similar about adverse effect of essential oils 

(EO) on ammonia nitrogen by attributed to 

lower ammonia levels which in turn were due 

to reduced deamination of amino acids. 

Whereas, (24) was reported no change in 

NH3-N in the rumen liquor of cattle at various 

levels of supplementation of EO. Variable 

responses of other herbal additives on VFA 

production pattern were reported by different 

workers. Extract of garlic decreased in 

acetate: propionate ratio (25). Garlic oil and 

benzyl salicylate also reduced acetate and 

increased propionate and butyrate proportions 

(26). (27) Showed that adding water extracts 

of Neem seeds decreased total ruminal 

volatile fatty acid (VFA) concentrations, the 

ratio of acetate to propionate and ruminal feed 

digestibility. Changes in feed, and Addition of 

different additive, change the microbial 

population in ruminant feed, is the main 

reason of different result (28-33). 

CONCLUSION  

It may be concluded that supplementation 

leaves and stem of Achyranthus aspera 

(latzeera) @ 0.5% in the substrate improved 

in vitro rumen fermentation pattern than 

Terminelia belerica (Bahera) and leaves of 

Boerhavia diffusa (Punernava).  
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ABSTRACT  

Serotonin is found to be effective for the treatment of liver 
fibrosis in recent studies. It is a vasoconstrictor, acting as a 
neurotransmitter and as a neuroendocrine hormone. It 
influences the proliferation and function of a number of key 
resident liver cells. In the current study we evaluated the 
effects of Serotonin in a bile duct ligated (BDL) cirrhotic rat 
models. Animal models were prepared by identifying and 
ligating the bile duct. Expression of β-catenin, VEGFR2 and 
fibrogenic markers, TGF–β were evaluated in serotonin-
treated and untreated animals by RT-PCR .  Also expression 
of KI67 and TGF-β were checked by IHC method. H & E 
staining of liver tissue sections of normal rat , BDL rat and 
serotonin treated BDL rat was performed to evaluate the 
fibrosis. MT staining was used to detect the increase of 
collagen in cirrhosis. 
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INTRODUCTION 

 

Liver has the unique ability to regenerate after 

injury. In order to gain a detailed 

understanding of the mechanisms of liver 

regeneration, partial hepatectomy (PH) and  

toxic and induced liver injury has been used as 

an widely accepted experimental model (1-4). 

Neurotransmitters have been a matter of 

interest for the scientific as these play a 

significant role in liver regeneration after 

either toxic liver injury or PH. Process of liver 

regeneration includes different pathways 

(intra- and extra-) and their activation.  

            There is a consensus that no single 

molecule is able to induce liver regeneration 

after PH. Several growth factors are involved 

in stimulating the liver to regenerate, e.g. 

hepatocyte growth factor (HGF), epidermal 

growth factor (EGF), vascular endothelial 

growth factor (VEGF) and platelet-derived 

growth factor (PDGF). TGF β1 has been 

identified as the main inhibitor of liver 

regeneration. These growth factors/cytokines, 

a subgroup of a larger TGF super family of 

ligands, include TGF-β 1, 2 and 3, and their 

receptors are the TGF-β receptors type I, II, 

and III. Ligand binding to the type II receptor 

promotes complex formation with the type I 

receptor to initiate signalling as a heterodimer 

receptor complex. Hepatocytes express all 

three TGF-β receptors. Studies have shown 

that, TGF-β1 is expressed by all the non-

parenchymal cell types (endothelial cells 

kupffer cells) and cytokines. Level of Plasma 

TGF b1 raises after PH (5). TGF-β1 is 

produced by hepatic stellate cells which are 

also called myofibroblasts (6). TGF β1 

inhibits proliferation of hepatocytes in cell 

culture. It affects liver generation by showing 

inhibitory effects (7). It suppresses the 

production of HGF (8) and activation of HGF 
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receptors (9). It was found that DNA synthesis 

can be oppressed or delayed if high dose of 

TGFβ1 is injected. Tubulogenesis and 

formation of neovascular structure were found 

to be stimulated by TGFβ1 endothelial cells in 

collagen gels (10, 11). 

         VEGF is a major regulator of 

development. VEGF acts chiefly through two 

tyrosine kinase receptors viz. VEGF receptor-

1 (VEGFR1, flt-1) and VEGF receptor-2 

(VEGFR2, flk-1, kdr). Both the receptors are 

expressed in endothelial cells. But VEGFR1 is 

also expressed in monocytes/macrophages. 

During injury both VEGFR1 and VEGFR2 

promote the hepatocyte proliferation, which 

was indicated by “proliferation cell nuclear 

antigen (PCNA)”. It was studied that VEGFR1 

is activated by CCl4 toxicity and as a result 

tissue specific growth factors viz. HGF and 

IL-6 are released which further result in 

proliferation of hepatocytes while activation of 

VEGFR2 was observed during PHx. 

Angiogenesis is facilitated by VEGFR2 

through up-regulation of Id1 and secretion of 

HGF and Wnt2 (12). 

              Besides growth factors, receptors and 

signaling molecules; neurotransmitters has 

also been found to play an important role in 

liver regeneration. Serotonin has been 

identified as one of the crucial factors for liver 

regeneration. Serotonin is widely distributed 

in animals, fungi and plants (including fruits 

and vegetables) (13). Serotonin acts as a 

physiological mediator of gastrointestinal 

functions, and helps in regulation of intestinal 

motility. In contrast, serotonin is an important 

component of a variety of pathological 

conditions (14-17). It is responsible for many 

symptoms related to carcinoid syndrome (18). 

Serotonin plays different role in different 

system of the body, for example, in the 

peripheral vascular system and gastrointestinal 

tract, serotonin is secreted as a local hormone 

while in the CNS it acts like a 

neurotransmitter and in the brain guts 

connection it performs a function of mediator 

(19). Studies have shown that serotonin has a 

wide impact on diameter of hepatic sinusoids, 

adhesion of leukocytes and platelets (20, 21), 

hepatic ischaemia injury (21) and lodgments 

of tumor cells in the liver (22). 

         In the body, about 95% of serotonin is 

found to be produced by gastrointestinal tract 

(enterochromaffin cells produce about 90% of 

the serotonin, 10% serotonin is produced by 

enteric neurons and 5% is produced by brain). 

Serotonin does not have the ability to cross the 

membrane lipid bilayer (23). For uptake and 

release of serotonin, a protein called serotonin 

reuptake transporter (SERT) is found to be 

responsible (24). These proteins are allocated 

in the CNS and peripheral sympathetic 

nervous system. These are also distributed in 

platelets, the gastrointestinal tract and lungs 

(25). Through the active transport system 

SERT (from the plasma), serotonin 

accumulates in the platelets and participates in 

aggregation of platelets and coagulation of 

blood. This is why, platelets consist high 

concentration of serotonin (26). If level of free 

circulating serotonin falls, platelets maintain 

its low level. Platelets are the carrier and 

reservoir of serotonin and store it as granules 

(23).  

 Since there are studies which have 

shown the ability of the liver to regenerate, but 

there are still long miles to go to understand 

why in patients with chronic liver diseases it is 

unable to regenerate. Literature is also 

available which have demonstrated the 

significance of some important signalling 

molecules and receptors which help in 

regeneration. Therefore, our aim is to study 
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the effect of serotonin on liver regeneration in 

chronic liver diseases with cirrhosis. 

 

Fig 1 : Synthesis of serotonin. 

 

The objectives of the study were as follows: 

(1) To develop and characterize animal model 

for secondary biliary cirrhosis by common bile 

duct ligation 

(2) To study the effect of serotonin on the 

expression of TGF-β, β-catenin and VEGFR2 

in the liver by semi-quantitative PCR 

(3) To study the effect of serotonin on the 

expression of KI67 and TGF-β in the liver by 

histology staining. 

 

MATERIALS AND METHOD 

 

Reagents/equipments for Bile Duct 

Ligation: 

Ketamine 100µl, xylasine 100 µl, betadine, 

neosprine, scraper, scissor, surgical thread. 

Chemical reagents for RNA isolation/cDNA 

synthesis: Ice box, trizol, iso-propanol 

(chilled), choloroform (chilled), RNAse free 

water, 70% ethanol, 90% ethanol, liquid 

nitrogen, RNA isolation kit, heparin/EDTA, 

fetal bovine serum (FBS), 0.6 N NaCl, 1X 

phosphate buffered saline (PBS), cDNA 

synthesis kit, 5X  RT buffer, RNAse inhibitor, 

RT, 1.5mM MgCl2, 5mM dNTP mixture, taq 

polymerase, absolute ethanol, nuclease free 

water, agarose powder, ethidium bromide, 

100bp DNA ladder (Biorad), 6X loading dye, 

autoclaved water, distilled water, serotonin. 

Equipments: Sterile syringes, centrifuges, 

pipettes and tips, water bath, thermo-cycler, 

power pack, gel doc system, nanodrop, 

falcons (50ml, 15ml), micro centrifuge tubes, 

laminar, incubator, mortar pestle, inverted 

microscope,  filter papers, weighing balance, 

agarose gel electrophoresis unit, SDS-PAGE 

Gel Electrophoresis unit, western blotting 

unit. 

Reagents for RT-PCR: For 25 µl , H2O 15.5 

µl, 10x buffer 2.5 µl, MgCl2 1.5 µl, dNTPS 

0.5  µl, cDNA 1 µl , primers 1.5 µl, Taq pol 1 

mol. 

Reagents used for IHC: Xylene, 100% 

ethanol, 95% ethanol, 90% ethanol, 80% 

ethanol, 70% ethanol, PBS buffer, washing 

buffer, antibody dilution buffer, normal 

blocking solution, avidin/biotin blocking 

solution, DAB reagent, hematoxylin reagent. 

Equipments: Disposable bench protection 

sheet Whatman, Sectioning blade replacement 

blade, plastic cassette tissue, Kim towels, 

container for disposing formic acid, silane, 

cover, microtome replacement, staining tray, 

staining, stainless steel tray, wetting box, 

latex gloves, mask with face shield, safety 

cabinet, paraffin. 

Reagents for Masson’s trichrome staining: 

Xylene, ethanol (70 %-100%), periodic acid, 

Schiff’s reagent, sodium bicarbonate. 
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Reagents for Hematoxylin and eosin 

staining: Xylene, ethanol (70%-100%), 

hematoxylin, sodium bicarbonate, Beibrich 

Scarlet, phosphotungstic acid, analine blue, 

acetic acid. 

Equipments: slides, cover slides, 

microscope. 

 

METHODS: 

 

Animal models were prepared by identifying 

and ligating the bile duct. After 3 weeks, BDL 

rats developed ascites, obstructive jaundice 

and cholestasis, as demonstrated by markedly 

elevated serum transaminases and bilirubin 

level and macroscopic evidence of yellow 

ears and urine. Serum was collected for the 

biochemical characterization. Tissues were 

extracted from normal, BDL rat and Serotonin 

treated BDL rat ex vivo and RNAs were 

isolated from all animal models. Expression 

of β-catenin, VEGFR2 and fibrogenic 

markers; and TGF–β were evaluated in 

serotonin-treated and untreated animals by 

RT-PCR. Also expression of KI67 and TGF-β 

were checked by IHC method. H & E staining 

of liver tissue sections of normal rat, BDL rat 

and serotonin treated BDL rat was performed 

to evaluate the fibrosis. MT staining was used 

to detect the increase of collagen in cirrhosis. 

 

RESULTS AND DISCUSSION 

 

Biochemical Characterization of animal 

model 

The prepared animal model was characterized 

by analysis of serum biochemical parameters. 

The BDL animals showed increased levels of 

urea, bilirubin, albumin and decreased levels 

of glucose, alanine transaminase. The values 

are given in Table – 1. 

 

Table 1: Values obtained by the 

biochemical analysis of urea, bilirubin, and 

albumin and decreased levels of glucose, 

alanine transaminase. 

 

  

 
Fig. 2 Graphical representation of serum 

analysis of normal rat and BDL rat. 

 

Physical observations: 

Rat with BDL presented with high bilirubin 

accumulation was observed in ears. Normal 

In Serum                                 Normal Rat 

Bile 

duct ligated 

rat 

Urea     11-23 mg/dl 84 mg/dl 

Total 

bilirubin                        

0.1-0.55 

mg/dl 

3.4 mg/dl 

Glucose 80-300 

mg/dl 

20 mg/dl 

Micro 

albumin                        

< 30 mg/dl 30 mg/dl 

Alanine 

transaminase             

52-224 IU/L 204 IU/L 
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color of fur was found to b changed. 

Abdominal ascites and hepatomegaly were 

observed in BDL rat and BDL rat treated with 

serotonin.  

 

 
Fig.3 Images showing different macroscopic 

changes occurring in bile duct ligated rats 

in comparison to normal rats. 

RT-PCR:   

 

PCR amplification of TGF-β: 

 

 
Fig. 4 Agarose gel image of PCR amplicon 

of TGF-β. Ladder used is of 100 bp. 1 & 2: 

Normal, 3 & 4: BDL, 5 & 6: BDL + 

Serotonin. 

 

PCR amplification of beta-catenin:  

 

 

Fig. 5 Agarose gel image of PCR amplicon 

of beta catenin. Ladder used is of 100 bp.         

1 & 2: Normal Control, 3 & 4: BDL, 5 & 6: 

BDL + Serotonin. 

 

 

PCR amplification of FLK-1/VEGFR2: 

 

 
Fig. 6 Agarose gel image of PCR amplicon 

of VEGFR2. Ladder used is of 100 bp. 1 & 

2: Normal Control, 3 & 4: BDL, 5 & 6: 

BDL + Serotonin. 

 

Histopathology of tissue section of bile duct 

ligated rats 

Immuno-histochemistry of normal rat and 

BDL rat liver tissue sections was performed to 

evaluate the fibrosis stages in the pathology 

lab of Institute of liver and biliary Sciences. In 

serotonin treated BDL group, expression of 
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KI67 was found to be less as compared to 

control and BDL, whereas expression of TGF-

β was found to be more in treated group as 

compared to control and untreated BDL group. 

 
 

Fig. 7 Expression of KI67 in control, BDL, 

and BDL + Serotonin. 

 

In HE staining, more fibrosis was observed in 

treated group as compared to control and 

untreated BDL group. While in MT staining it 

was found that more collagen was 

accumulated in BDL and serotonin treated 

BDL group. 

 

Fig. 8 HE AND MT in healthy, BDL and 

BDL + Serotonin. 

CONCLUSION 

The current study shows that serotonin leads 

to an increase of liver fibrosis in BDL-ligated 

rats. There was an increase in TGF-beta 

expression both in gene expression studies and 

immune-histochemistry. TGF-beta is one of 

the important markers of fibrosis and inhibits 

the liver regeneration. Further, we also 

observed an increase in the fibrosis in 

serotonin-treated rats. Serotonin treatment 

didn’t show any increase in the liver 

regeneration markers such as beta-catenin and 

VEGFR2. Thus, serotonin didn’t affect liver 

regeneration in our study. Instead, serotonin 

seems to enhance bile-duct ligation induced 

fibrosis through an increase in TGF-beta 

expression. 
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ABSTRACT    

The effect of different herbal plants/roots on in vitro 
rumen fermentation pattern, three herbal feed additives, 
i.e. leaves of Salvadora persica (khdiyar, T2), roots of 
Terminalia chebula (Harr, T3), leaves of Aegle marmilose 
(Bel, T4) were mixed @ 0.5% in the substrate feed and 
assessed individually using goat rumen liquor. After 48 h 
of incubation total VFA concentration was significantly 
(P<0.01) higher in Terminalia chebula T3) than other 
treatments. Total-N (mg/dl incubation medium) 
improved in Salvadora persica T2 and in Terminalia 
chebula T3. Similarly NH3-N, TCA-precipitable-N, NPN 
increased in (Terminalia chebula T3).  Acetate (A), 
propionate (P), and A/P ratio remained unaffected by 
such treatments. However, butyrate decrease in 
Salvadora persica (khdiyar, T2) and leaves of Aegle 
marmilose. 

Keywords: 

Herbal feed additive,  
rumen fermentation,  
in-vitro,  
Goat 

INTRODUCTION 

The key to the ruminant digestive system's 

efficiency is the presence of symbiotic 

microorganisms in it. Digestive 

microorganisms, including bacteria, 

protozoa and fungi, hydrolyze the proteins, 

starch and cell wall constituents, 

producing amino acids and sugars. These 

simple products are fermented to VFA, 

hydrogen and CO2, by both primary and 

secondary digestive microorganisms.  

There are several natural herbs, which may 

be used as digestive stimulants, 

antidiarrhoeal, antiseptic, 

antiinflammatory, antiparasitic, anticancer 

and appetite stimulants in ruminant 

animals. Herbs have no side effects and, 

good for health (1-8). There are reason 

epidemiological and experimental studies 

that highlight the importance of 

compounds, which are derived from plants 

are called "phytochemicals". Benefits of 

using plant compounds are their non-toxic 

nature and availability in an ingestive form 

(9-13). However, (14) herbal feed 

additives did not influence the blood 

hematology in weaned barari kids An ideal 

phytochemical is one that possesses anti 

fungal, anti bacterial as well as anti-tumor 

properties with minimal toxicity and has a 

defined mechanism of action (15, 16). 

Three herbs, namely Salvadora persica 

(khdiyar, leaves), Terminalia chebula 

(Harr, root) and Aegle marmilose (Bel, 

leaves) were taken to observe its effect on 

in vitro rumen fermentation pattern in 

goats. 

MATERIALS AND METHODS 
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Three herbal feed additives, i.e. control 

(T1, zero herbs), leaves of Salvadora 

persica (khdiyar, T2), roots of Terminalia 

chebula (Harr, T3), leaves of Aegle 

marmilose (Bel, T4) were mixed @ 0.5% 

in the substrate feed and assessed 

individually under in vitro rumen 

fermentation system using goat rumen 

liquor. The substrate was prepared using 

herbal ingredient containing concentrate 

mixture (40%), gram straw (40%) and 

cowepea (20%). Total gas production and 

rumen fermentation pattern were observed 

in the in vitro bottles, which were 

incubated at 39 
0
C for 48h. Total nitrogen 

(mg/dl incubation medium), TCA-

precipitable-N (mg/dl), NH3-N (mg/dl 

incubation medium) and NPN (mg/dl 

incubation medium) were analyzed as per 

micro Kjeldahl method (17). Total VFAs 

(mmol/dl incubation medium) in rumen 

liquor were analyzed according to (18). 

Fractionation of VFAs was done by Gas 

Chromatograph according to (19). 

Substrates were analyzed for Proximate 

(17).  

RESULTS  

After 48 h of incubation acetate (A), 

propionate (P), butyrate and A/P ratio 

remained unaffected by such treatments. 

Nitrogen fractions (total-N, NH3-N, TCA-

precipitable-N, NPN) in the incubation 

medium were different in three in vitro 

treatment bottles. These three herbal plants 

had a positive effect on the fermentation 

pattern in goats (under in vitro system) 

when used individual component of such 

herbal Plants.  

Table 1: Total gas production and fermentation 

pattern as affected by different herbal 

constituent under in vitro system.  

Serial T1  T2  T3  T4  S.E.
M. 

Sig. 

pH 6.80b 6.69a

b 
6.59
a 

6.59a 0.02 P<0
.01 

TVFA 9.82c 8.20b 9.98
c 

6.36a 0.37 P<0
.01 

Total-N  72.8a    95.2b 100.
80b 

82.8
8a 

3.07 P<0
.01 

NH3-N  27.68
a 

26.8
8a 

32.2
0b 

32.2
0b 

0.71 P<0
.01 

NPN  31.08
a 

48.1
6b 

47.0
4b 

45.9
2b 

1.81 P<0
.01 

TCA 47.04
ab 

47.0
4ab 

53.7
6b 

36.9
6a 

2.18 P<0
.05 

Acetate
% 

69.02 70.2
5 

69.4
3 

70.9
4 

0.42 NS 

Propiona
te% 

19.00 19.7
2 

19.9
3 

19.1
5 

0.31 NS 

Butyrate
% 

11.98
b 

10.0
3a 

10.6
4ab 

9.90a 0.29 P<0
.05 

A/P ratio 3.65 3.56 3.49 3.75 0.08 NS 

Means with different superscripts (a, b) in the row differ 

significantly.  

DISCUSSION  

Earlier studies with different herbal 

additives indicated variable responses on 

in-vitro N-metabolism. Ammonia nitrogen 

in the fermentation medium under in-vitro 

system was not affected by inclusion of 

coconut oil (20). (21) and (22) reported 

similar about adverse effect of essential 

oils (EO) on ammonia nitrogen by 

attributed to lower ammonia levels which 

in turn were due to reduced deamination of 

amino acids. (23) Essential oils can 

significantly decrease methane production, 

ammonia production, and the abundance 

and diversity of archaea with increasing 

doses, but that they also, especially, 

origanum oil, exert adverse effects on 

ruminal feed digestion and fermentation. 

Whereas, (24) was reported no change in 

NH3-N in the rumen liquor of cattle at 

various levels of supplementation of EO. 

Ruminal pH, total-N (mg/dl), TCA-

precipitable- N (mg/dl), NPN (mg/dl) and 

NH3-N (mg/dl) were statistically similar 

after treatment of Lactobacilli culture as 

probiotics (25). Garlic oil and benzyl 
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salicylate also reduced acetate and 

increased propionate and butyrate 

proportions (26). Extract of garlic caused 

decreases in acetate: propionate ratio (27). 

(28) showed that adding water extracts of 

Neem seeds decreased total ruminal 

volatile fatty acid (VFA) concentrations, 

the ratio of acetate to propionate and 

ruminal feed digestibility. Changes in 

feed, and Addition of different additive, 

change the microbial population in 

ruminant feed, is the main reason of 

different result (29-34).  

CONCLUSION 

It may be concluded that supplementation 

roots of Terminalia chebula (Harr, T3) can 

improve TVFA and Total nitrogen @ 

0.5% in the mixed substrate (containing 

concentrate mixture: roughage = 40:60) 

than Salvadora persica (khdiyar, T2), and 

leaves of Salvadora persica (khdiyar, T2) 

rumen fermentation pattern in goats in 

vitro. 
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ABSTRACT   

Cancer is a leading cause of death all over the world and 
represents a major public health burden. Cancer is an 
uncontrolled growth of cell. Natural products still serve as 
an excellent source for the discovery and development of 
modern drugs for cancer treatment. We found that 
Anthocyanins produced greater affinity for the poly (dA-
dT)12 and poly (dG-dC)12 DNA. It binds with the DNA minor 
groove with interaction energy (score value) of 9604 for AT 
and 8724 for GC DNA and predicted to as best anti-
cancerous compounds.  

Keywords: 

Cancer, 
Phyto-chemicals, 
Docking 
Minor Groove 

INTRODUCTION 

Cancer is the second leading cause of death 

worldwide. Chemical anti-cancer drugs cause 

serious side effects and, at best, merely extend 

the patient's lifespan by a few years (1). 

Cancer control may therefore benefit from the 

potential that resides in alternative therapies. 

The demand to use alternative approaches to 

treatment of cancer is therefore escalating. 

There is compelling evidence from 

epidemiological and experimental studies that 

highlights importance of compounds derived 

from plants "photochemical" to reduce the risk 

of cancer (2-4). The advantage of using such 

compounds is their relatively non-toxic nature 

and availability in an ingestive form (5-10). 

An ideal photochemical is one that possesses 

anti fungal, anti bacterial as well as anti-tumor 

properties with minimal toxicity and has a 

defined mechanism of action (11). As 

compounds that target specific binding 

pathways are identified, how a noble drug hit a 

specific target, can use as a good anti-cancer 

drug.  

Here, in this paper, we are proposing the 

application of molecular docking technique to 

find potential plant anti cancerous compounds. 

Reports have been available about using 

several molecular modeling tools such as 

docking, molecular dynamics and Gaussian 

describe the interaction of compounds with 

macromolecules or determine the properties of 

compounds (12-19). We explored molecular 

docking tool to determine the interaction of 

anti-cancerous plant compounds with the 12bp 

DNA sequences: poly (dA-dT)12 and poly (dG-

dC)12. 

MATERIALS AND METHODS 

DNA sequences 
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The 12bp DNA sequences: poly (dA-dT)12 and 

poly (dG-dC)12 were designed by discovery 

studio software. The whole structure of the 

DNA was targeted for our molecular docking 

study.  

Compounds library  

Information about different anti-cancerous 

plant compounds were collected from the 

literature. Thanks to the Ayurvedic science 

and reports available for plant derived anti-

tumor compounds. Total 21 anti-cancerous 

plant compounds were listed from the 

literature and their SMILES strings were 

obtained from PUBCHEM database. CORINA 

demo server (http://www.molecular-

networks.com/online_demos/corina_demo) 

was employed in order to convert the SMILES 

strings of the compounds into 3D structures. 

Different anti-carcinoma drugs information 

was also obtained from the Drug bank 

database (www.drugbank.ca) and their 3D 

structures were downloaded.  

Automatic Docking  

The computational molecular docking method 

was employed for screening of anti-cancerous 

plant compounds against the structure of 

DNA. The molecule docking was performed 

by Patch dock software. We selected the Drug-

complex platform of Patchdock for doing our 

computational docking. The anti-tumor 

compounds were sorted at the end of the 

docking process based on their Patchdock 

docking score produced by the docking via 

Patch dock software. The most stable 

conformation of the plant origin anti-

cancerous compound was selected based 

highest score value. Furthermore, the 

compound binding was analyzed at the minor 

grove by discovery studio software.  

Z score analysis  

Statistical test such as Z score was performed 

for the interaction energies produced by Patch 

dock. The Z score determines the uniqueness 

and confidence in the docking result. The 

measurement of the Z score demonstrates the 

affinity between anti-cancer compounds and 

AT, GC DNA. It shows that the affinity 

produced by the best compound (with lowest 

interaction energy) for FAT10 protein is 

unlikely to produce by other compounds in a 

random population. Later the best compound 

was selected with based on the more negative 

Z score of interaction energy and P value less 

than < 0.05 (95% confidence interval). Z 

score: Z = (x-μ) / σ.  

RESULTS  

Total 21 plant anti-cancerous compounds and 

five chemical anti-cancerous compounds were 

screened against the DNA structures of poly 

(dA-dT)12 and poly (dG-dC)12 via Patchdock. 

We found that plant anti-cancer compound 

Anthocyanins produced greater affinity for the 

DNA structures of poly (dA-dT)12 and poly 

(dG-dC)12 as compared to chemical anti-

cancerous compounds. The Anthocyanins 

binds with both the DNA at their minor 

grooves with the highest patchdock docking 

score of 9604 for the case of poly (dA-dT)12 

and 8724 for poly (dG-dC)12 (Table 1, Fig 1). 

On the other hand, the affinity produced by the 

chemical anti-cancerous compound 

Cyclophosphamide produced lower patchdock 

docking score of 2956 for the case of poly 

(dA-dT)12 and 2882 for poly (dG-dC)12 than 

plant anti-cancer compounds (Table 1, Fig 1).  

Table 1: Patchdock docking score of Plant 

and Chemical anti-cancerous compounds 

with the poly (dA-dT)12 and poly (dG-dC)12 

DNA.  
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 Patchdock score 

Chemical compound poly (dA-

dT)12 

poly (dG-

dC)12 

Cyclophosphamide 2956 2882 

Busulfan 2946 2538 

Methotrexate 2760 2722 

lomustine 2760 2722 

Carmustine 2376 2536 

Cisplastin 1794 1786 

 

 Patchdock score 

Plant compound poly (dA-

dT)12 

poly (dG-

dC)12 

Anthocyanins 9604 8724 

Azadirachtin 6008 5994 

Aegicerin 4718 4696 

Artonin E 4664 4664 

Abbysinone 4542 4482 

Artonol B 4408 2480 

Arctigenin 4026 3888 

Avenanthramide 3268 3158 

Angolensin 3224 3158 

Aporphine 3136 3060 

Acacetin 3044 2958 

Arbutin 2934 2882 

Apigenin 2926 2852 

Alphahumulene 2886 2860 

Altholactone 2780 2812 

Angelicin 2398 2342 

Anethole 2258 2298 

Allicin 2238 2084 

4chromone 2004 1998 

AscorbicAcid 1998 1922 

Amantidine 1780 1744 

 

 

Fig 1: Distribution of Patchdock docking 

scores of Plant anti-cancerous compounds 

with the poly (dA-dT)12 and poly (dG-dC)12 

DNA.  

The Z score analysis reveals that Anthocyanin 

produces Z score of 3.88 with the poly (dA-

dT)12 and 3.72 with the poly (dG-dC)12 DNA, 

which determines the uniqueness and 

confidence in the affinity of Anthocyanins for 

the minor grooves of both the DNA structures 

(Fig 2). It shows that the affinities produced by 

the Anthocyanins (with higher patchdock 

docking scores and Z scores) for the poly (dA-

dT)12 and poly (dG-dC)12 DNA are unlikely to 

produce by other compounds in the random 

population. On the other hand, screening of 

chemical anti-Cancer drugs shows that no drug 

is having such good affinity for DNA. Also the 
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Z score analysis reveals the confidence on the 

docking results.  

 

Fig 2: Anthocyanin produces unique Z 

score of 3.88 with the poly (dA-dT)12 and 

3.72 with the poly (dG-dC)12 DNA 

Binding site analysis shows that Anthocyanins 

makes hydrogen bond interactions on the 

minor grooves of the DNA. The long 

backbone of the Anthocyanins span the minor 

groove of the DNA and arms make hydrogen 

bonds with the base pairs.  

 

  

 

Fig 3: Anthocyanins makes hydrogen bond 

interactions on the minor grooves of the 

DNA 

Anthocyanins are members of the flavonoid 

group of phytochemicals, a group predominant 

in teas, honey, wines, fruits, vegetables, nuts, 

olive oil, cocoa, and cereals. The colorful 

anthocyanins are the most recognized, visible 

members of the bioflavonoid phytochemicals. 

The free-radical scavenging and antioxidant 

capacities of anthocyanin pigments are the 

most highly publicized of the modus operandi 

used by these pigments to intervene with 

human therapeutic targets. Anthocyanin 

isolates and anthocyanin-rich mixtures of 

bioflavonoids may provide protection from 

DNA cleavage, estrogenic activity (altering 

development of hormone-dependent disease 
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symptoms), enzyme inhibition, boosting 

production of cytokines (thus regulating 

immune responses), anti-inflammatory 

activity, lipid peroxidation, decreasing 

capillary permeability and fragility, and 

membrane strengthening. 

 

Fig 4: Anthocyanins are glycosides of 

anthocyanidins. 

DISCUSSION  

We determine the effectiveness of the 

computational molecular docking method to 

find alternative natural medicine for treating 

carcinoma. The patchdock is able to detect that 

Anthocyanin shows good affinity for DNA, 

better to the chemical drug Methotrexate, 

Busulfan, lomustine, Cyclophosphamide, 

Cisplastin and Carmustine. Our docking 

analysis also shows that Anthocyanin with 

higher affinity for DNA may able to inhibit the 

function of DNA and may help in reducing the 

effect of carcinoma.  

CONCLUSION  

Our molecular docking work concludes that 

Anthocyanins has compatible affinity with 

both the poly (dA-dT)12 and poly (dG-dC)12 

DNA. Our computational docking work 

reveals that plant anti-tumor compound 

Anthocyanins can be useful to treat cancer. As 

plant origin of Anthocyanins, therefore, it is 

easily available and produces no side effect. 

Our research work may help the medical 

biologist to find potential drugs from natural 

compounds against carcinoma.  
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ABSTRACT    

In this study, we evaluated the effect of plant essential oils 
on methane production and ruminal fermentation 
parameters. Five essential oils were initially screened for 
their efficacy to decrease methane production and enhance 
the digestibility of wheat straw (roughage: concentrate 
50:50) based diets. On the basis of preliminary results, 
origanum and thyme oils were further investigated with 
three variable combinations of wheat straw and roughage: 
concentrate ratio. These oils significantly decreased the 
methane production whereas the digestibility and total 
volatile fatty acids level in most of the treatments varies 
differentially.  Individual volatile fatty acid (IVFA’s) analysis 
indicated that acetate percentage was decreased in high 
fiber diet (HFD), but showed an increasing pattern in 
medium fiber diet (MFD) and low fiber diet (LFD) following 
addition of origanum and thyme oils. Propionate levels 
exhibited decline in majority of the treatment combinations. 
However, butyrate levels witnessed significant increase 
compared to control diets. NH3:N2 ratio which varies up and 
down with the treatment with both the oils. qRT-PCR 
analysis revealed significant reduction in methanogen and 
fungal counts following addition of thyme oil whereas an 
increase in methanogen counts and decrease in fungal 
counts was observed with origanum oil supplementation. 
Further, total bacterial population remains unchanged but 
protozoal population revealed increase after oil 
supplementation. These findings indicated the significant 
influence of origanum and thyme oil on rumen fermentation 
mediated through modulation of microbial population.  

Keywords: 

Wheat straw diet,  

methanogens,  

rumen microbial groups, 

 rumen fermentation,  

qRT-PCR 

INTRODUCTION 

There is an urgent need for improvement of 

feed utilization in dairy animals by modulating 

the ruminal microbiome to achieve the dual 

goals of reducing the methane (CH4) emissions 

and increasing the milk yield as well as the 

availability of good quality meat (1-4).In the 

recent years, several bioactive plant 

compounds such as essential oils (EOs), 

saponins, tannins, and flavonoids have been 

evaluated for their ability to improve feed 

utilization efficiency by modulating rumen 

microbial fermentation processes (5-7). These 

bioactive compounds are considered as the 

first choice for rumen manipulation owing to 
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their natural origin. Further, in the context of 

global warming, reducing CH4 emission from 

the ruminants as the methane emitted from the 

ruminants contribute majorly to the global 

warming (8-9). Therefore, reducing CH4 

emissions from ruminants can substantially 

reduce greenhouse gases and increase the 

efficiency of livestock production. Different 

strategies based on chemical inhibitors, 

essential oils, ionophores etc. have been 

explored to reduce CH4 from the ruminants 

without affecting other nutritional parameters 

(10). Moreover, several molecular diversity 

studies on the rumen methanogens were also 

performed to determine the dominance of 

methanogen genera or orders so that strategies 

could be designed to suppress methanogens 

population with ultimate aim of mitigating 

CH4 emission (11-14). 

Out of the various plant bioactive 

compounds, EOs are usually preferred as these 

are found to be beneficial for ruminal 

microbial metabolism. EOs can reduce the risk 

of rumen acidosis, decreasing intra ruminal 

nitrogen turnover and nitrogen excretion and 

also inhibits methanogenesis (9). 

Supplementation of EOs was also found to 

increase milk yield (15). However, detrimental 

effects of EOs supplementation on rumen 

fermentation and fibre digestion have also 

been reported (16-17). Therefore, it is 

worthwhile to validate the effects of EOs on 

rumen fermentation patterns, CH4 emission 

and rumen microbial communities to exploit 

EOs for in field applications. The present 

study was performed with an aim to check the 

dose dependent effect of EOs on rumen 

fermentation pattern and population of rumen 

methanogenic archaea, total rumen bacteria, 

protozoa and fungi counts in vitro. 

2. Material and methods 

2.1. Essential oils (EOs) 

Five EOs i.e., cinnamon leaf oil, clove bud oil, 

thyme oil, origanum oil and rosemary oil were 

purchased from Sigma-Aldrich (Sigma-

Aldrich, St. Louis, MO) and used for the 

present study. EOs was tested at 3 doses viz. 

0.05 g/L, 0.15 g/L, and 0.45 g/L. Experimental 

controls without EOs were included in various 

experimental setups. 

2.2. Rumen liquor collection and in vitro 

fermentation 

The total mixed ration (TMR) of the buffaloes 

was composed of roughage concentrate ratio 

of 50:50. Chemical composition of TMR is 

provided in Table 1. The buffaloes were fed 

the TMR (18.5 kg) twice a day at 8 AM and 6 

PM. Inocula for in vitro incubation were 

collected from 3 fistulated male Murrah 

buffaloes. About 1000 ml of rumen sample 

was collected into a 1000 ml bottle, leaving no 

headspace in the sample bottles. The samples 

were brought to the laboratory within 10 min 

(about 1 km away) and then placed into an 

anaerobic chamber containing N2 (95%), H2 

(3%), and CO2 (2%). Equal volumes of the 

rumen fluid collected from each of the 

buffaloes were combined as the inoculum. In 

vitro incubations were carried out in 120 ml 

serum bottles in triplicate. Medium fibre diet 

(MFD) having roughage and concentrate, in a 

ratio of 50:50 was used as the substrate for 

screening studies. Three different diets viz. 

high fibre diet (HFD), MFD and low fibre diet 

(LFD) were used (Table 1). In vitro buffered 

medium was prepared anaerobically and 

Hohenheim gas test apparatus was used as 

described previously (18). Three sets of 

syringes were prepared in triplicate using three 

different diets (200 mg) as substrate in 

syringes. Buffered medium (30 ml) containing 

rumen liquor was dispensed into the syringes 

and incubated at 39°C for 24 h with occasional 

manual shaking.  
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2.3. In vitro analyses of fermentation gases 

and volatile fatty acids (VFAs) 

At the end of 24 h of incubation, gas pressure 

in the culture bottles was measured using a 

manometer (Traceable; Fisher Scientific) to 

determine total gas production. Then, 10 ml of 

headspace gas was collected into a tube filled 

with distilled water by displacement. The 

liquid samples (1 ml) were individually 

collected into microcentrifuge tubes and 

preserved at 20°C for microbial analysis. The 

remaining culture volume was filtered through 

filter bags (Ankom Technology) to determine 

the degradability of the added substrate. The 

filtrates were sampled in microcentrifuge tubes 

for VFAs and NH3 measurement. If not 

analyzed immediately, all the samples were 

stored at 20°C until further processing. 

Concentrations of CH4 in the gas samples were 

determined using a gas chromatograph 

(Nucon-5765, India) as described previously 

(19-21). VFA concentrations in the cultures 

were also analyzed by a gas chromatograph 

(GC; Nucon-5765) equipped with flame 

ionization detector and stainless steel column 

packed with Porapak-Q (length 6′; o.d.1/8” i. 

d. 2 mm; mesh range 80–100;(21). The 

concentrations of NH3 in the fermentation 

cultures were measured by a calorimetric 

method (22). The apparent DM degradability 

of the substrate was determined after drying 

the residues collected in the fiber bags and the 

initial substrate at 105°C in a hot air oven for 

24 h.  

2.4. DNA extraction 

DNA was extracted from 0.5 ml of 

homogenized sample using the repeated bead 

beating (on a beadbeater; BioSpec Products, 

Bartlesville, OK) and column purification by 

using DNA extraction kit (Fermentas, USA). 

DNA quality was evaluated using agarose gel 

(1%) electrophoresis (23), and DNA 

concentrations were measured in NanoQuant 

instrument (Tecan, USA). Samples were 

stored at 20°C until further analysis.  

2.5. Quantitative real-time PCR (qPCR) 

measurements 

The population sizes of total bacteria, total 

methanogens, total fungi and total protozoa 

were quantified with SYBR-based qPCR in 

MJ Mini Opticon Real-Time PCR System 

(Bio-Rad, USA) using specific primers (Table 

2) as described previously (27). To minimize 

potential bias, instead of a single strain, 

sample-derived qPCR standards were prepared 

using the respective specific PCR primer set 

and a composite metagenomic DNA sample 

that were prepared by pooling equal amounts 

of all the metagenomic DNA samples (14, 28). 

Amplification of the respective target genes 

was performed and cloned into pGEM-T Easy 

vector (Promega, Madison, WI). The purified 

plasmids were quantified by Nano-drop 

spectrophotometer (Thermo Fischer, USA) 

with multiple dilutions. Target DNA was 

quantified by using 10-fold serial dilutions 

from 10
-1

 to 10
-8

 plasmid copies of the 

previously quantified plasmid standards. To 

eliminate the effect from potential primer 

dimers in the SYBR-based qPCR assays, the 

fluorescence signal was acquired at 86°C, at 

which primer dimers were completely 

denatured and thus not detected, and used in 

quantifying populations of the microbial 

groups. The qPCR assay for each group was 

performed in triplicate. The absolute 

abundance was expressed as number of gene 

copies/ 50 ng of DNA.  

2.6. Statistical analysis 

Experimental data of different parameters was 

analyzed in factorial design by using OPSTAT 

statistical software developed by Chaudhary 

Charan Singh Haryana Agriculture University, 

Hisar, India(29). Data analysis for detailed set 
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of EOs was analyzed in 2 × 3 × 3 factorial 

design. When the overall F-test was 

significant, differences between means and the 

control were declared significant at P ≤ 0.05 

using the Fisher's Least-significant-difference. 

3. Results and discussion 

3.1. Screening of EOs for methane 

production and digestibility in vitro 

Five EOs i.e. cinnamon leaf oil, clove bud oil, 

thyme oil, origanum oil and rosemary oil were 

studied for theirefficacy towards methane 

reduction and digestibility in wheat straw 

based diets. Cinnamon oil at a dose of 450 

mg/l was found to be effective against 

methanogens and decreased CH4 production 

slightly as compared to the control samples 

(Table 3). This decrease in CH4 production is 

might be due to eugenol, an active component 

in cinnamon oil (accounting up to 8%) which 

has antimicrobial action against bacterial 

populations involved in rumen fermentation 

[7]. However, clove bud oil was failed to 

exhibit CH4 reduction at all dose levels. In 

case of thyme and origanum oil, significant 

CH4 reduction (68.8 and 82.5%, respectively) 

was observed at 450 mg/L dose (Table 3). The 

inhibitory effect of these two oils at higher 

dose was statistically significant to (p≤0.05). 

These findings are in agreement with previous 

studies where thymol, a main component of 

EO derived from Thymus and Origanum 

plants, was a strong inhibitor of CH4in vitro 

(30). Similarly, Macheboeuf et al. (17) 

reported suppression of CH4 to the extent of 

99% at 6 mM dose of Origanum vulgare EO 

and its component, thymol.  

 Digestibility patterns remain unaltered 

by the addition of cinnamon EO. These 

findings are in contrast to an earlier study 

where decrease in the digestibility of dry 

matter (DM) was observed at higher dose of 

cinnamon leaf oil (31). Clove bud oil, on the 

other hand, increased the digestibility in a dose 

dependent manner. Thyme oil reduced the 

digestibility at higher dose whereas an 

improvement in digestibility was observed at 

lower doses. There was no significant shift in 

DM digestibility in origanum oil treated 

samples as compared to that of control at 50 

mg/L and 450 mg/L concentrations. Rosemary 

oil was ineffective in either decreasing CH4 

production or enhancing the DM digestibility 

(Table 3). On the basis of the screening results, 

thyme and origanum oils were selected for 

further detailed study in different diets 

formulated using wheat straw in different ratio 

of roughage and concentrate i.e. 60:40, 50:50 

and 40:60 to study the effect of 

supplementation of these compound and oils 

on CH4 production, digestibility and other 

fermentation parameters. 

3.2. Effect of EOs supplementation in wheat 

straw based diet combinations 

3.2.1. Effect of EOs on CH4 production 

When origanum oil and thyme oil were 

supplemented at 450 mg/l dose in HFD having 

60:40 roughage: concentrate ratio, CH4 

production was reduced up to 14.42 and 12.13 

ml/g of substrate as compared to 23.46 ml/g of 

substrate (p≤0.05) in untreated control diet. 

Similar pattern of reduction in CH4 levels was 

observed in terms of mM/g of DM or per g 

DDM in MFD and LFD (Table 4). These 

findings indicated that CH4 production was 

significantly decreased (50-80%) by addition 

of thyme and origanum oil in wheat straw 

based diets at 450 mg/L concentration. In 

some previous studies, Crane et al. (32) 

described the inhibitory effect of limonene on 

CH4 formation whereas Macheboeuf et al.(17) 

found that EOs extracts from Origanum 

vulgare (20% and 35% thymol) and Thymus 

vulgare (20% p-cymene) significantly reduced 

CH4 production at dose of <2 mM [12, 22]. 
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Wang et al.(33) showed that inclusion of 0.25 

g/day of EOs mixture from oregano plants in 

the diet of sheep for 15 days lowered CH4, 

while Beauchemin and McGinn (34) found no 

significant effect of EOs on methanogenesis 

when fed to beef cattle (1 g/day) for 21 days. 

In another study, Sallam et al. (35) found EO 

from Mentha microphylla to be an effective 

methane mitigating agent at 25 µl/75 ml dose 

levels under in vitro fermentation.Overall, it 

can be concluded that the effect of EOs on 

methanogenesis is diet and dose dependent.  

3.2.2. Effect of EOson in vitro dry matter 

digestibility (IVDMD) 

IVDMD was decreased from 76.19% in case 

of control diet to 74.78% and 56.87% 

(p≤0.05). in origanum and thyme oil 

treatments, respectively when evaluated in 

HFD (Table 4). In case of MFD, IVDMD was 

again significantly (p≤0.05) reduced to 60.66 

and 57.57% when origanum and thyme oil, 

respectively was supplemented as compared to 

77.07% in control diet. Similar effect was 

evident in case of LFD group. IVDMD was 

significantly decreased in all three diet 

regimen except in case of origanum oil 

treatment with HFD. These results are in 

agreement with Benchaar et al. (36) findings in 

which thymol, origanum oil and carvacrol 

manifested decrease in the digestibility. One 

possible explanation for this decrease in 

IVDMD may be the effects of EOs on rumen 

microbes which are involved in fibre 

degradation. 

3.2.3. Effect of EOson Total Volatile Fatty 

Acid (TVFA) and Individual Volatile Fatty 

Acids (IVFA) 

TVFA levels exhibited decline when 

supplemented with origanum (p≤0.05) and 

thyme oil as compared to control diet (Table 

5). In MFD on supplementation of origanum 

oil, TVFA was increased to 9.08 mM/100 ml 

as compared to 8.17 mM/100 ml in control 

diet. In contrast, TVFA production was 

decreased significantly (p ≤0.05) on thyme oil 

supplementation up to 7.00 mM/100 ml as 

compared to 8.17 mM/100 ml in control diet. 

In case of LFD also, TVFA concentrations 

were significantly (p≤0.05) decreased (Table 

5). However, the effects of origanum and 

thyme oil were not statistically significant. 

Castillejos et al. (37) reported that lavandin 

and oregano at 500 mg/l dose inhibited rumen 

microbial fermentation thereby decreasing 

VFA concentration [8]. This report is in 

agreement with our findings where decrease in 

the TVFA concentration was observed at 450 

mg/L doses of thyme and origanum oil. 

However, Benchaaret al. (36) reported 

increase in the concentration of TVFA on 

supplementation of thymol when 

supplemented at lower doses.  

Propionate production was decreased (p≤0.05) 

whereas butyrate production was increased 

(p≤0.05) when origanum oil and thyme oil 

were supplemented in HFD, respectively. 

However, decline was witnessed in acetate 

levels as shown in Table 5. In case of MFD, 

acetate and butyrate production was found to 

be increased (p≤0.05) wheras propionate levels 

decreased (p≤0.05). Similar trend was 

observed in case of LFD. These observations 

are in agreement with Benchaar et al. (34) in 

which addition of carvacrol and thymol 

resulted in increased butyrate levels (p< 0.05) 

and lowered levels of propionate but no 

change in acetate. EOs at 450 mg/l dose level 

may be affecting the fibre degrading microbes 

as evident by reduced IVDMD and acetate 

percentage which may affect the propionate 

production too. 

3.2.4. Effect of EOs on ammonia nitrogen 

In HFD group, ammonia nitrogen was 

decreased upto 28.47 mg/ 100 ml and 15.4 
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mg/100 ml in origanum oil and thyme oil 

(p≤0.05) treated samples, respectively as 

compared to 39.2 mg/100 ml in control diet 

(Table 5). In MFD and LFD groups, ammonia 

nitrogen was increased in case of origanum oil 

whereas decreased with thyme oil treatment 

(Table 5). Thyme oil supplementation might 

be diverting some energy or affecting 

particular group of rumen microbes which in 

turn increase microbial protein synthesis. 

MBM yield was increased significantly in 

majority of the groups treated with thyme oil. 

Similarly, the increased PF values further 

support our findings. Borchers (38) found that 

the addition of thymol to rumen fluid in vitro 

resulted in the accumulation of AA N and the 

reduction of ammonia nitrogen concentrations 

suggesting that thymol inhibited deamination.  

3.3. Effect of EOs on methanogens and 

other rumen microbes 

Real time quantification of methanogens and 

other rumen microbes in origanum and thyme 

oil supplemented wheat straw based diet is 

shown in Table 6. Copy number of total 

bacteria was 2.12 × 10
10

,2.71 × 10
10

 and 1.98 × 

10
10 

per 50 ng of DNA in control, origanum 

and thyme oil treated samples, respectively. 

Apparently, the total bacterial population was 

lowest in case of thyme oil and highest in case 

of origanum oil. However, the differences in 

copy number values were statistically similar. 

This fact is also supported by a recent study 

where supplementation of Eucalyptus oil was 

ineffective against viable bacteria during 

rumen fermentation (38). Methanogens 

population witnessed decrease in thyme oil-

treated group (5.6 × 10
7
) whereas significant 

increase was noticed with origanum oil 

supplementation (6.7 × 10
7
; p≤0.05) as 

compared to control diet (5.9 × 10
7 

per 50 ng 

of DNA). Protozoal population exhibited 

significant increase following supplementation 

of origanum and thyme oils in wheat straw 

based diet in comparison to control diet. These 

findings are, however in contrast with a recent 

study where protozoa populations were 

reduced by supplementation of Eucalyptus 

crude oil (39). This might be explained on the 

basis of the activity of active components 

present in different EOs. However, the total 

fungal population was decreased significantly 

in origanum and thyme oil supplementation 

samples than control diet. Copy number of 

total fungi population in control, origanum and 

thyme oil treated diets was 9.6 × 10
7
, 8.9 × 10

7 

and7.8 × 10
7
, respectively. Decrease in fungal 

counts was in accordance to study of 

Talebzadeh and Alipour (40) where decrease 

in Neocalimastix growth was observed on 

addition of ajowan EOs. Other works also 

done on methane inhibition (41-45). These two 

oils directly affected the methanogens 

population which was increased in case of 

origanum oil but significantly decreased by 

thyme oil. Further, the total fungi population 

was significantly decreased, protozoal counts 

were significantly increased on 

supplementation of both of these oils whereas 

total bacterial population was not affected 

much by supplementation.  

4. Conclusion 

Origanum and thyme supplementation resulted 

in modulation of rumen fermentation 

parameters as well manifested effects on the 

populations of ruminal microbial groups. 

However, a conclusive relationship between 

CH4 reduction and dynamics of major ruminal 

microbial groups was not directly evident.  

These findings necessitated further evaluations 

of essential oils at a broad range of doses or 

various diets combinations to utilize these 

plant metabolites for effective methane 

mitigation. 
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Table 1. Chemical composition of different diets (percentage on DM basis) used for 

experimental analyses. 

 

Diets  Chemical (g/kg on constituents of diets DM basis) 

D1 

(60:40) 

D2 

(50:50) 

D3 

(40:60) 

OM 86.76 87.84 87.56 

CP 10.86 12.53 14.27 

EE 2.34 3.04 3.48 

NDF 62.31 60.45 53.87 

ADF 37.20 32.95 29.87 

HC 25.11 27.50 24.00 

Cellulose 25.66 21.80 19.90 

ADL 5.10 5.06 5.36 

Total ash 13.24 12.16 12.44 

Starch 11.47 13.18 17.44 

 

OM= organic matter, CP= crude protein,  EE=Ether extract , NDF=Neutral Detergent Fiber, 

ADF= Acid Detergent Fiber, HC= Hemicelluloses , ADL=  Acid Detergent Lignin 

 

Table 2. Details of the primers used for Real Time-PCR estimation of rumen microbial groups. 

Primer pair Primer sequences (5’ – 3’ ) Amplicon 

length (bp) 

Reference 

mcr-A 

(Total methanogens) 

Fwd 5’-TTCGGTGGATCDCARAGRGC-3’ 

Rev 5’-GBARGTCGWAWCCGTAGAATCC-3’ 

145 (24) 

16S rRNA 

(Total bacteria) 

Fwd 5’-CGGCAACGAGCGCAACCC-3’ 

Rev 5’-CCATTGTAGCACGTGTGTAGCC-3’ 

160 (25) 

18S rRNA 

(Total Protozoa) 

Fwd 5’-GAGCTA ATACATGCTAAGGC -3’ 

Rev 5’-CCCTCACTACAATCGAGATTTAAGG-3’ 

 

321 (26) 

Internal Transcribed 
Spaces (ITS) 

 

Fwd 5’-GAGGAAGTAAAAGTCGTAAACAAGGTTT-3’ 
Rev 5’-CAAATTCACAAAGGGTAGGATGATT-3’ 

110  (25) 



Table 3. Evaluation of essential oils at different doses for the inhibition of methane production 

and effect on digestibility in wheat straw based diet (Roughage 50: concentrate 50). 

 

Treatment combinations CH4  

(ml/g of substrate) 

CH4  

(mM/g 

DM) 

CH4 

(mM/g DM) 

% IVDMD 

Control Diet(50:50) 30.24 1.18 0.20 58.37 

C+T1 (50 mg/L ) 38.17 1.49 0.25 59.89 

C+T1 (150 mg/L) 34.56 1.35 0.21 64.72 

C+T1 (450 mg/L) 25.67 1.00 0.19 51.64 

C+T2 (50 mg/L) 41.07 1.60 0.24 67.25 

C+T2 (150 mg/L) 31.04 1.21 0.19 63.78 

C+T2 (450 mg/L) 30.63 1.20 0.20 59.67 

C+T3 (50 mg/L) 33.90 1.32 0.21 64.02 

C+T3 (150 mg/L) 28.87 1.13 0.17 66.99 

C+T3 (450 mg/L) 9.41 0.37 0.08 43.52 

C+T4 (50 mg/L) 36.97 1.44 0.23 64.23 

C+T4 (150 mg/L) 35.57 1.39 0.23 44.89 

C+T4 (450 mg/L) 5.28 0.21 0.04 50.31 

C+T5 (50 mg/L) 35.60 1.39 0.21 66.80 

C+T5 (150 mg/L) 41.83 1.63 0.26 62.65 

C+T5 (450 mg/L) 31.47 1.23 0.20 62.08 

CD 14.66 0.57 0.09 12.20 

 

T1: Cinnamon leaf oil; T2: Clove bud oil; T3: Thyme oil; T4: Origanum oil; T5: Rosemary oil                        

CD: values were significant at 5 percent 

 

 

 

 



 

Table 4. In vitro effects of origanum and thyme oils on the digestibility and methane production 

in wheat straw based high, medium and low fibre diets. 

Diet 

 

Treatment  

combinations 

Parameters 

IVDMD 

(%) 

PF MBM 

(mg) 

CH4 

(ml/g 

DM) 

CH4 

(mM/g 

DM) 

DDM 

(mM/g 

DDM) 

HFD Control 76.19 3.79 61.81 23.46 0.92 0.12 

 Origanum oil       

(450 mg/L) 

74.78 6.16 94.99 14.42 0.56 0.07 

 Thyme oil            

(450 mg/L) 

56.87 6.80 73.62 12.13 0.48 0.08 

MFD Control 77.07 3.80 62.84 21.70 0.85 0.11 

 Origanum oil       

(450 mg/l) 

60.66 5.66 72.39 14.59 0.57 0.09 

 Thyme oil            

(450 mg/L) 

57.57 5.27 66.02 18.38 0.72 0.12 

LFD Control 70.58 3.40 47.59 24.22 0.95 0.13 

 Origanum oil       

(450 mg/L) 

32.77 5.53 37.60 6.67 0.26 0.08 

 Thyme oil            

(450 mg/L) 

58.29 14.70 98.58 4.46 0.17 0.03 

SEM Diet (D) 8.92 1.78 N.S. 1.91 0.076 0.014 

 Treatment (T) 8.92 1.78 N.S. 1.91 0.076 0.014 

 D x T 15.46 3.08 35.00 3.31 0.13 0.02 



Table 5. Effect of origanum and thyme oils on the volatile fatty acids and ammonia nitrogen in 

wheat based high, medium and low fibre diets 

 

  

CD: values were significant at 5% during in vitro trials 

 

Diet 

 

Treatment 

Combinations 

  

Parameters 

TVFA 

(mM/100 ml) 

 

(mM/100ml) 

Acetate 

(%) 

 

Propionate 

(%) 

 

Butyrate 

(%) 

 

NH3-N 

(mg/100 

ml) 
HFD Control 12.00 80.55 14.70 4.75 39.20 

 Origanum oil 

(450 mg/L) 

10.83 78.69 7.95 13.36 28.47 

 Thyme oil      

(450 mg/L) 

6.83 78.71 12.33 8.96 15.40 

MFD Control 8.17 77.11 17.67 5.22 21.47 

 Origanum oil 

(450 mg/L) 

9.08 81.71 8.26 10.03 25.20 

 Thyme oil       

(450 mg/L) 

7.00 85.75 8.66 5.59 20.07 

LFD Control 10.33 79.95 15.93 4.13 20.53 

 Origanum oil 

(450 mg/L) 

7.00 81.91 9.86 8.23 21.47 

 Thyme oil       

(450 mg/L) 

7.83 84.71 10.08 5.21 14.00 

SEM Diet (D) 1.21 N.S N.S 1.71 2.43 

 Treatment (T) 1.21 2.65 2.38 1.71 2.43 

 D x T 2.09 4.58 N.S N.S 4.21 

CD = 

values 

were 

significant 

at 5 

percent in 

all the 

tables of In 

vitro trials 

 



Tables 6. Quantitative real-time PCR quantification of different rumen microbial groups in 

control as well as essential oil supplemented in vitro rumen fermentation reactions. 

 

Groups Total bacteria (×10
10

) Methanogens (× 10
7
) Protozoa (× 10

7
) Fungi (× 10

7
) 

Control 2.12 ± 0.008 5.9 ± 0.01 1.0 ± 0.01 9.6 ± 0.1 

Origanum oil 2.71 ± 0.02 6.7 ± 0.01 1.3 ± 0.03 8.9 ± 0.07 

Thyme oil 1.98 ± 0.007 5.6 ± 0.08 1.3 ± 0.01 7.8 ± 0.1 

CD 0.00 0.03 0.08 0.56 

p-value 0.09 0.00 0.00 0.00 
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Dr. Jagadish Mahanta - A Symbol of Dedication towards Science and Nation 

Every decade witnesses the birth of some great 

people who teach, lead and guide the human 

society in the right direction. Some are artists, 

some preach religion, yet some others do their 

part through their knowledge of science. One 

such pioneer who has dedicated his life 

preaching science for humanity is Dr. Jagadish 

Mahanta.  

 

(Receiving Annual Oration award for Malaria 

and other Communicable diseases. Award 

received from Director, South East Asia 

region of WHO) 

Nonetheless, a warrior is leading the cavalry to 

triumph over various diseases in North Eastern 

region of India. A conversation with him 

unveiled his many aspirations and dreams of a 

disease free India. His selfless dedication and 

contribution in science for the nation is highly 

remarkable. 

Childhood: 

He was born on 1
st
 March, 1952 in a rural area 

of Kamrup District of Assam in an 

environment of "Xatra", the seat of Vaisnovite 

culture. . His father struggled hard to maintain 

the family and education of his children. His 

grand fathers (both maternal and paternal) 

were school teachers and they influenced him 

for building the career. In fact his paternal 

grandfather used to teach him Arithmetic, 

English and of course the morality. 

Education and Professional Life  

After passing matriculation with flying 

colours, Jagadish Mahanta joined Cotton 

College in 1968. Thereafter he joined 

Guwahati Medical College and passed MBBS 

in the year 1974. Dr.  Mahanta moved to the 

prestigious Post Graduate Institute of Medical 

Education and Research (PGIMER) in 

Chandigarh to study Medical Microbiology. 

After completion of his post graduation, he 

joined PGIMER as tutor in the Department of 
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Medical Microbiology. Meanwhile he was 

offered the post of Assistant Professor in 

Regional Institute Of Medical Sciences, 

Imphal. Simultaneously, he was also offered 

the post of pathologist in Oil India Limited , 

Duliajan. His urge to serve his homeland, 

prompted him to join OIL and he came to 

Duliajan as the Head of the combined 

Department of Pathology, Microbiology, and 

Biochemistry in Oil India Hospital. But his 

urge to find out something new and his ever 

inquisitive mind and challenging attitude to 

fight back the threat of diseases in the 

northeast dragged him to join the Indian 

Council Of Medical Research here in northeast 

as Dy. Director and Officer-in-Charge, in 

1993. He took up the leadership in 1996 as the 

Director, Regional Medical Research Centre, 

for Northeast. The legend of Science, Dr, 

Mahanta has become the sphere head of health 

research in the region and the nation. 

Family life: 

Dr Mahanta is married to Dr (Mrs) Beauty 

Mahanta, presently Head Department of 

Zoology, in Duliajan College. Daughter, Dr 

Bipanchi is in Assam Medical College, 

Dibrugarh and son Baidurjya is also pursuing 

studies in Medical sciences.  

Leading Health research from front 

A man of vigor and principles, whose life 

illuminates the path of dedication towards 

untiring health research and service to 

mankind, Dr. Mahanta had always been a 

constant source of inspiration for all budding 

scientists of the nation. Under his 

commendable leadership, RMRC is now the 

forerunner for research in both communicable 

and non-communicable diseases. Several path 

breaking research in Cancer, hypertension and 

diabetes have been contributed from the 

Institute under his leadership to the scientific 

world. Toiling hard day in and day out to 

control the vector borne diseases in this part of 

the country. In fact this centre is proud to 

announce that under his research initiatives 

three mosquitoes discovered and named as 

assamensis, dibrugarhensis and mahantai. 

RMRC and Centre for Development of 

Advance Computing (CDAC), Pune won the 

MoSQUIT–mBillionth SAARC Countries 

Award for 2013 for their collaborative effort in 

developing a surveillance system for real time 

reporting of malaria from remote areas,  

To no big surprise, RMRC is considered a 

leading research facility in the world and has 

been recognized as a national centre of 

excellence by the Government of India and 

international centre of excellence for malaria 

research by the National Institutes of Health, 

USA. World Health Organisation also, has 

identified this institute as a resource centre for 

their trainees. Besides different ministries, 

several international agencies like Bill and 

Melinda Gates Foundation, FHI, WHO, 

UNICEF, UNAIDS have come forward for 

funding its various projects. This authenticates 

the credibility as a research institute. 
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(Dr  Mahanta with Prof. Southgate, Director 

of British Natural History Museum, London, 

while he visited the museum on invitation from 

the Director) 

It is the apex laboratory of Government of 

India for ARBO viral diseases, regional 

referral laboratory for swine flu, grade–I viral 

diagnostic laboratory of Department of Health 

Research and accredited tuberculosis reference 

laboratory. 

Awards and Achievements: 

He has to his credit more than 360 publications 

in peer reviewed national and international 

journals. He has authored in many books 

chapters, books and proceedings. He has 

received a number of prestigious awards for 

his contribution to the health related research 

of this part of the country.                 

 

 

 

(Dr. Mahanta receiving ICMR Award from 

Union Minister of Health and family welfare, 

for his work in Communicable and Non-

Communicable disease in Northeast) 

 

(Dr. J Mahanta receiving award in Indian 

Science Congress at Ahmedabad) 

Membership: 

Dr Mahanta holds membership in several 

international scientific bodies and societies, 

Government of India Scientific bodies. He was 

an expert member nominated (2004) by review 

board of “ Millennium Ecosystem 

Assessment” launched by U.N Secretary 

General Kofi Annan also he represented India  

as Council Member in World Federation of 

Parasitologists. Apart from that he holds 

positions like Member of Governing Body of 

Indian Council of Medical Research, 

Executive Council of Indian Council of 

Medical Research , Program Advisory 

Committee, Health and engineering of 

Department of Science and Technology, 

International Vaccine Action Group , 1994 – 

95, Scientific Advisory Group Non-

communicable Diseases (ICMR),  
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Scientific Advisory Group for Epidemiology 

and Communicable Diseases (ICMR) and 

member of scientific advisory committee of 

several ICMR institutes. He is Fellow of Royal 

College of Tropical Medicine and Hygiene, 

London, INSA Fellow under scientist 

exchange programme and was Fellow of 

Indian Society for Parasitology, 2009. He is a 

member of National Academy of Medical 

Sciences of India Life member of Indian 

Association of Pathologists and 

Microbiologist, Indian Association of Medical 

Microbiologist, Indian Society for 

Parasitologists, Life member of  Indian 

Association of Vector Borne Diseases, Life 

member of  Indian Public Health Association, 

Life member of  Nutrition  Society of India, 

Life Member of Indian Academy of Tropical 

Parasitologists. Member of International 

Society For Leptospirosis; American Society 

For Microbiology; Royal Society of Tropical 

Medicine and Hygiene, London; World 

Federation of Parasitologists from 2002 to 06 ; 

Member of Editorial Advisory Board and 

Reviewer of several International journal 

Examiner of MBBS, MD Microbiology of 

Dibrugarh University; Ph.D Manipur 

University; Ph.D PGIMER, Chandigarh; Ph.D 

in Life Sciences of L.N. Mithila University; 

Ph.D. in Pune University; Ph.D in JIPMER, 

Pondicherry. He  is also a guide to Ph D 

scholars of Dibrugarh University, Guwahati 

University, Srimanta Sankardev University of 

Health Sciences and Sikkim Manipal 

University. 

Turning Points of His life: 

He never had a plan to become doctor in 

childhood but it gradually changed after he 

passed out Matriculation. His father had a 

dream to make him a doctor and he took him 

to the best of institutes available during those 

days. Dr. Mahanta left no stone unturned to 

fulfill his father’s dream and channelized his 

career. His second turn was change of stream. 

He started to do post graduation in surgery 

after passing MBBS. However, Dr. P. C 

Mahanta and Dr.J.N Sarma Bordoloi 

pursuaded him to study medical microbiology 

and he could clear the entrance of Post 

Graduate Institute of Medical Education and 

Research at Chandigarh to start the career in a 

different stream.  He states that "With all 

satisfaction I must confess that their advice 

paid me the dividend in life".  

His motivation and inspiration: While in 

Gauhati medical college as MBBS student and 

during his training in surgery, he saw the post 

operative complications and suffering of 

patients due to infections, he wanted to 

discover the cause and its prevention. In PGI 

Chandigarh he met Professor N.K Ganguly, 

who was a professor of Experimental 

Medicine, PGI Chandigarh (later Director 

General of ICMR and Padma Bhushan 

Awardees). He used to teach “How to do 

science, how to enquire and how to develop 

inquisitiveness”.  

His Hobbies: Reading books related to 

Biography, his child hood hobbies are football 

and swimming. 
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His Vision and Mission: A healthy planet, a 

developed nation.  

His Message to Youth: Research gives 

perfection to scientific thoughts, pursue it with 

dedication in all spheres of life.  

His direct message to the youth is “Learn 

from past, make strategy for future and live 

with experience”. 

 

 

 

 

 

 

 

 

Some of the awards are as follows:- 

 

 

 

 

 

 

 

 

 

He is a patriotic scientist and that is the reason he 

is an ideal  

 

 

 

 

A
U

TH
O

R
S 

R
EM

A
R

K
S “I know Dr. J Mahanta since 2006, when I joined Centre for Bioinformatics Studies, 

Dibrugarh University, his amicable behavior remains same irrespective of position of a 

person. His every word motivates students and us. He is a patriotic scientist and that is 

the reason he is an ideal for many persons like me. He has spread optimism and 

positive energy to build scientific temperament in NE region. A man because of whom 

Dibrugarh university could started Biotechnology and Bioinformatics in joint effort of 

then Vice Chancellor of Dibrugarh University Prof. Kandarpa Kumar Deka. I define 

Dr. J Mahanta not as a person but as a symbol of dedication towards science- a true 

asset of nation” 

- By Subrata Sinha, Assistant Professor, Centre for Bioinformatics Studies, 

Dibrugarh University, Dibrugarh-786004, Assam, India. 

- Mobile: 8486468313 

- Email: subratasinha@dibru.ac.in 
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 for many persons like me

 

 


