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ABSTRACT 

Eighteen cross-bred goats, 3–4 months old, weighing up to 10.5 kg and appearing to be in good condition, were 

randomly divided into three groups: LC, HC, and HC+Sey, with six goats in each group. The LC group received only a 

basal diet, while the HC group was provided a high concentrate diet enriched with organic selenium (Se) at 0.3 mg per 

kg in food, mixed into the morning feeding concentrate. All animals were given guar hay as the basal diet, and 150 g of 

concentrate was fed twice daily at 0800 and 1700 hours. Statistical analysis was conducted using one-way ANOVA, 

with significance set at P < 0.05. Results indicated that goats in the HC and HC-SeY groups had significantly higher (P 

< 0.05) molar concentrations of short-chain fatty acids (SCFA), such as acetic acid, propionate, and butyrate, in their 

rumen fluid compared to those in the LC group. The pH of the rumen fluid also significantly dropped in the HC and HC-

SeY groups (P < 0.05), although no significant differences were observed between the two. Goats on the HC and HC-

SeY diets also had a substantially higher protozoan and bacterial count (P < 0.05) compared to the LC group, with no 

significant differences between HC and HC-SeY groups. Enzyme activity in the rumen fluid was significantly higher (P 

< 0.05) in the HC and HC-SeY groups compared to LC, suggesting that high concentrate and selenium yeast diets 

promote a more robust microbial community in goats than a low concentrate diet alone. 
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INTRODUCTION 

Selenium (Se) is a crucial microelement for all life forms and plays central role in livestock’s output (Białek and 

Czauderna, 2019). Improved rumen efficiency, microbial populations and livestock production have been examined 

previously by addition of Se in diet (Shi et al., 2011). (Naziroglu et al., 1997) stated that 0.3 mg/kg of Se 

instantaneously and efficiently provokes the production of total volatile fatty acid (TVFA), acetic acid, propionic acid, 

and butyric acid in the rumen. Hence, biological Se in the form of SeY has a suitable application viewpoint as it is 

nontoxic and extra effective than inorganic Se (Kišidayová et al., 2014).Rumen, a gastrointestinal organ that 

distinguishes ruminants from other vertebrate, is very active natural fermentation chamber harboring a variety of 

microorganisms which (Dai et al., 2015; Ogimoto & Imai, 1981) ferment and reduce plant fibers and transform them 

into consumable proteins and short chain fatty acids (SCFAs, the main energy resource for ruminants) for assimilation 

and absorption (Dai et al., 2015). Rumen microorganisms are important for ruminant nourishment as they are openly 

related with the animal’s diet (Puniya et al., 2015). The rumen microbiome mainly contains bacteria, along with fungi, 

protozoan, and a slight amount of phages (Miller et al., 2012), with every microbe in a dynamic hormany of struggle and 

coordination. Previous research have demonstrated that ruminal microbes are firmly associated to the livestock yield 

proficiency and offer the host with approximately 65–75% of its energy need via anaerobic fermentation (Jewell et al., 

2015; Chen et al., 2020). The  structure of rumen’s microbome is influenced by different elements like host variety, 

well-being, and nutrition, and accordingly, it differs through diverse areas and seasons (Yáñez-Ruiz et al., 2015).A high-
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fiber intake and a constant microbiota are fundamental for protection of ruminants. Over feeding of grain diets in dairy 

animals lowers rumen’s pH because of raised production of short chain fatty acids (SCFA) increase the threat of sub-

acute rumen acidosis (SARA).(Boerman et al., 2015). (Plaizier et al.,2012; Ye et al.,2016).At low pH significant 

amount of bacterial endotoxins Lipopolysaccharide, (LPS) are produced which disturb the rumen epithelial 

activity(Gozho et al., 2005; Emmanuel et al., 2007)and commonly come with ruminal microbiota dysbiosis. A disturbed 

ruminal ecosystem results surge of harmful effects on animal wellbeing and efficiency (Sirohi SK et al., 2012).A close 

interdependent relationship exist between gut health, 

supplement with trace element and gut microbiome (Zhang et al., 2015;Biscarini et al., 2018; Ishaq et al., 

2019).Previously it has been shown  that ruminal microbiom produces their protein and cell membrane by incorporating 

Se from diet  (Hidiroglou Heaney & Jenkins, 1968), and increase resistance of cell wall against oxidative injury by 

supplementation of diet with Se (Cobanova et al., 2017; Mihalikova et al., 2005).Improved muscle strength and growth 

rate was observed in sheep under  heat-stressed by addition  of Se at supranutritional level (Chauhan et al., 2014 , 2015 

& 2016). Taking into consideration  the valuable role of additional dose of Se particularly in stressful circumstances, we 

hypothesize that in HC diet increasing Se level would improve HC diet-induced ruminal pH, microbial count and 

enzymes. Hence, the current study was planned to determine selenium yeast (SY) effect against HC diet induced 

fermentation pattern, microbial count and enzymes in rumen of goat. 

 

MATERIALS AND METHODS 

Animals and adaptation period 

Eighteen (18) evidently sound cross-reproduced goats having 3-4 months old enough and 10.5 kg body weight (BW), 

were bought from a local goat market of Hyderabad region  and were brought at Livestock Trial Station (LTS), at Sindh 

Agriculture University (SAU). Goats were given a base time of 4-5 weeks to adjust the environmental factors during 

which they were fed by support diet. During variation period, all goats were ear tagged for recognizable proof, all goats 

were dewormed with Fendox plus (oxfendazol) and were infused subcutaneously with Ivermectin against helminthes 

and other parasitic pervasions, Creatures were immunized against a few normal irresistible illnesses like 

pleuropneumonia, goat pox and enterotoxemia. Creatures were regularly inspected for any sort of anomaly. All the 

while, the unsuitable creatures were separated and were supplanted by solid ones. 

 

Experimental design and feeding management: 

Goats (N=18) were randomly separated into three groups, viz., LC, HC and HC+Sey, with six goats in each group 

(Table.I).Goats in group LC, got just basal nutrition routine and in group HC high concentrate nutrition was given and 

HC+Sey, basal eating routine enhanced with natural selenium at the portion pace of 0.3 mg/kg in feed, blended in amass 

at early daytime taking care of. The wellsprings of Se for natural structure (selenium yeast, Selemax™, Biorigin®, 19 

LençóisPaulista, São Paulo, Brazil) and all creatures were taken care of same basal eating regimen comprising of guar 

feed. The concentrate (150 g) was given into two equivalent bits at 0800 and 1700 h everyday and the roughage was 

taken care of at not indispensable. Water was given at not indispensable. The compound structure of diet is yielded 

(Table.II). 

 

Table I. Grouping of Animals 

Groups Low concentrate(LC) High 

concentrate(HC) 

High concentrate + 

selenium(HC+Sey) 

No. of Animals N=6 N=6 N=6 

Dose of Se Nil Nil 0.3mg/kg 

 

Table II. Chemical composition of experimental ration feed to goats (% on DM basis) 

Chemical Composition Concentrate Hay 

Moisture 12.98 10.85 

Salt (NaCl) % 0.38 0.23 

Crude protein, % DM 16.66 10.12 

Crude fat, % DM 10.75 6.70 

Crude fiber, % DM 9.23 19.82 

Crude ash, % DM 8.15 11.06 

Gross Energy (Kcal) 4053.09 3446.35 

 

Table III. Preparation of 0.1 M Phosphate Buffer Solution (PBS, pH 7) 

Chemical Compounds Concentration (g/l) 

NaCl 0.8 

KCl 0.2 

Na2HPO412H2O 3.4 

KH2PO4 0.2 
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Table IV.Preparation of Neutral Buffered Formalin (NBF, pH 7) Chemical 

Compounds Concentration (ml/l) 

Formalin 40% 100 

 

Table V. Preparation of 5% HgCl2 

Chemical Compounds Concentration (gl/l) 

HgCl2 50 

 

Table VI. Preparation of Formaline Saline Solution. 

Compound Concentration 

Formaline (37.8%) 1 part 

Saline solution (0.9%) 2 part 

 

Slaughtering and Rumen fluid sample collection 

Toward the finish of trial period, the goats were slaughtered at Research Trail Station (RTS), following the Islamic 

Halal technique. Following the butcher, the stomach depression was pricked and opened . Entire stomach was 

segregated from rest of the viscera and was gathered in a tub. Reticulo-rumen (rumen), omasum and stomach were 

segregated. An aliquot of 20-30 ml of ruminal liquid example was gathered by stressing the rumen digest through two 

layers of cheesecloth. The pH of rumen tests were recoreded with computerized pH meter. Following recording of pH, 

the stressed ruminal liquid examples were gathered for two purposes. One piece was put away at - 200C after expansion 

of formalin-saline arrangement which was ready by blending of one piece of formaldehyde (37.8%) with two pieces of 

saline (0.9%) solution(Yang and Vagra, 1989)for investigation of short chain unsaturated fats (SCFA). One more piece 

was centrifuged to gather microbial mass was handled through cell fractionation and the concentrate was gathered for 

microbial chemicals investigation. 

 

 
Figure. I                                                                   Figure. II 

 

Analysis of Ruminal Fluid for SCFA Determination 

Sample preparation 

Frozen rumen fluid samples were thawed and 5 ml was taken into centrifuge tube. 1 mL of 25% met phosphoric acid 

was added and mixed it thoroughly. Samples were allowed to stand for 30 minutes and centrifuged at 2,000 rpm for 10 

minutes as described by Supernatant was used to determine the SCFAs concentration as described below. 

 

Determination of ruminal SCFA concentration 

Rumen SCFAs for example acetic acid, propionic acid and butyric acid set on by chromatograph HP6890N as portrayed 

by (Yang et al., 2012). Pure Nitrogen was utilized as transporter gas with a consistent stream pace of 2.8ml/min. what's 

more, a split proportion of 1:30. Fine section temperature was set to 140°C for 4 min and afterward raised at 25°C/min. 

to 240°C. The temperature of the infusion port and the FID (Fire Ionization Locator) were set to 180°C and 250°C. 

Tiglic corrosive was utilized as an inside norm. 

 

Determination of Microbial Mass 

Protozoa count from slide 

Rumen protozoa was counted by method describe by (Brar et al., 2000). Briefly 9 ml of lugol’s solution was added in 1 

ml of strained rumen fluid and mixed well. After mixing, 0.1 ml of sample was transferred to clean glass slide and 

spread over the known area (24x60mm) and counting was done on 30-50 fields in a zigzag manner under low power. 

Total No.of protozoan/mililiter of rumen liquid was counted by the following formula: 

Total |No.of protozoan/mililiter of rumen liquid = Average protozoa counted/field X 1000X 100. 
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Protozoa count from fresh rumen fluid 

A drop of new strainrd rumen liquid was put on slide and inspected promptly under low power for counting of various 

sizes (little medium and enormous) of protozoa. Normal number of protozoa were made by counting from 3 distinct 

fields (Brar et al., 2000; Kiro, 2017). 

 

Determination of ruminal bacterial count 

Ruminal bacteria were counted through method describe by (Brar et al., 2000). Brifly strained rumen liquid was 

centrifuged at 300rpm for 5 minutes. 10% formaline was mixed to make ratio of 1:1 to kill bacteria and mixture was 

strained. In 2 ml of this mixture 8 ml of distilled water was added for obtaining 1:10 dilution and in a serial dilution 

finally we made dilution upto 1X104 with distilled water. From this final dilution we placed 0.01ml on clean glass slide 

and a loop ful of nigrosine stain solution was mixed with sample and spread over the slide. After air drying 10 different 

fields were examined under oil immersion. Bacteria were counted which appeared colorless against dark background. 

Total number of bacteria/ml of rumen fluid was counted by the following formula: 

Total number of bacteria/ml of rumen fluid = Average number of bacteria/field X1000000X 1000 

 

Determination of rumen enzymes 

Urease (urea amino hydrolase) 

The examine technique of urease activity was completed by pathak method (Pathak et al., 1996). The protein activity 

was done by estimating how much alkali delivered during the brooding of the catalyst test with urea. In such manner, 

0.25 mL test, 0.25 mL ammonia solution (15 mg ammonia and 8 mg EDTA in 25 mL phosphate buffer) and 0.5 mL 

phosphate buffer was blend in a glass cylinder and incubated this solution for 15 min at 37 °C. Ammonium solution and 

refined water were utilized as a control and blank, separately. After incubation, 5 mL phenol mixture and 5 mL NaOH 

mixture was added to the cylinder and stired enthusiastically. The cylinder was incubated for 15 min at 37 °C for color's 

advancement. At last, the absorbance at 635 nm was recorded against the clear. An adjustment bend was utilized to 

decide how much smelling salts nitrogen delivered in each tube (Pathak et al., 1996). The catalyst action was 

characterized as mg salt nitrogen delivered min/mL test. 

 

Cellulase 

The activity of a filter paper addresses complete lactase action. The movement of catalyst was resolved colorimeterically 

by estimating how much decreasing glucose was delivered during the incubation of protein test with filter paper (Pathak 

et al.,1996). In such manner, 1 mL solution, 1 mL orthphosphate buffer, and 1 mL refined water were blend in a 

cylinder, which contained 50 mg strip Whatman filter paper and was brooded for 1 hour at 39 °C. After this time 3 mL 

dinitrosalycylic corrosive reagent  was putted into the cylinder and kept in a hot water tube for 10 min. Then, at that 

point, a 1 mL pottasium sodium tartrate mixture was putted into the cylinder and afterward cooled under running water. 

At long last, the mixture was made up to a volume of 20 mL with refined water. Catalyst movement was communicated 

as mg lessening glucose delivered h/mL solution (Pathak et al.,1996). 

 

Protease 

The examine system depended on the (Blackburn et al., 1968) technique. the protein lysis movement was characterized 

as how much catalyst that would solubilize the same of 1.0 mg tyrosine in 1 min. 

 

Amylase (1,4 α-D-glucanohydrolase) 

By monitoring the rate at which reducing sugars were released while the enzyme was incubating with starch, the activity 

of a-amylase was ascertained. This was done by combining 0.25 mL of material, 0.25 mL of starch solution, and 0.5 mL 

of phosphate buffer in a container and incubating it for 15 min at 39 °C. Following this, a DNS approach was employed 

for color development as previously mentioned in the Fpase technique. The remaining procedures were the same as 

those used to measure the glucose content in Fpase. mg of reducing sugars (glucose) produced per minute per milliliter 

of material was used to quantify enzyme activity. 

 

Lipase 

Cherry and Crandall technique of titration of palmitic acid delivered by the lysis of hydrogen explained lipase activity, 

(Oser et al.,1965). Chemical examples were incubted with an olive oil emulsion and palmitic acid delivered were 

titrated with sodium hydroxide 0.05. Units of lipase action per miliLiter of protein test were determined as mL NaOH 

for titration of the palmitic acid delivered by hydrolysis. 

 

STATISTICAL ANALYSIS 

Information are shown as means ± SE. contrasts with a P-valve of < 0.05 were thought of as critical. One-way ANOVA 

test was utilized to analyze information between gatherings. All measurable investigations were performed by utilizing 

SPSS programming 
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RESULTS 

Determination of ruminal SCFA concentration and pH 

We have analyzed rumen liquid of the goats to decide the impact of HC diet and selenium on SCFA concentrations. The 

molar concentration of acetic acid, propionic acid, butyric acid and complete SCFA altogether expanded (P < 0.05) in 

ruminal liquid of goats eaten HC and HC+SeY eats less contrasted and those who eaten LC feed (Table.VII). 

Simultaneously, the pH of ruminal liquid altogether decreases (P < 0.05) in HC and HC+SeY contrasted with LC On the 

other hand, no massive contrasts (P > 0.05) were found in the SCFA focus and pH among HC and HC-SeY medicines. 

 

Table VII.Determination of ruminal SCFA concentration and pH 

Items Treatments 

LC HC HC+SeY LSD(0.05) 

Acetate (mmol) 43.52 ±0.46b 58.26± 1.05a 57.63 ±0.69a 2.168 

Propionate (mmol) 20.16±0 5b 29.60±0 .73a 28.75±0 .77a 2.253 

Butyrate (mmol) 8.78 ±0.26b 13.02±0.54a 11.94±0 .39a 1.396 

TSCFA(mmol) 72.47± 1.03b 100.25 ±0.06a 99.40±0 .30a 2.175 

Ph 6.93 ±0.03a 5.96±0 .11b 6.03 ±0.06b 0.280 

 

Protozoa count from fresh rumen fluid 

Result of protozoan count from fresh rumen fluid is shown in table 4.2 Under the low power we counted different sizes 

of protozoa (large, medium and small) were meaningfully increased (P < 0.05) in rumen liquid of goats eaten HC and 

HC+SeY diets compared with those eaten LC diet. Among HC and HC+SY groups the higher number of protozoa was 

noted in HC-SeY(146.17± 5.64) but not significantly (P > 0.05) different from HC group(141.05± 3.98) 

 

Table VIII.Population of large, medium and small protozoa in  fresh rumen fluid 

Items Treatments 

LC HC HC+SeY LSD(0.05) 

Large 2.83±0.16b 11.27± 0.47a 10.60 ±0.25a 0.901 

Medium 9.93± 0.21b 66.61 ± 6.43a 56.02±3.24a 10.87 

Small 113.61± 1.52b 141.05± 3.98a 146.17± 5.64a 10.84 

 

Protozoa count from slide 

Table.IX shows the result of HC diet and selenium effect on protozoan count in goats. The protozoan count in rumen 

liquid of goats eaten HC and HC+SeY diets was significantly increased (P < 0.05) compared with those eaten LC diet 

whereas no major alteration (P > 0.05) between HC and HC+SeY groups. 

 

Table IX.Population of small, medium and large protozoa count from slide 

Items Treatments 

LC HC HC+SeY LSD(0.05) 

Protozoa 483094±29611b 654191±5773.5a 740289±38116a 92363 

 

Ruminal bacterial count 

Table.X shows the effect of HC diet and selenium effect on bacterial count in goats. The bacterial count in rumen liquid 

of goats eaten HC and HC+SeY diets was significantly increased (P < 0.05) compared with those eaten LC diet whereas 

no major alteration (P > 0.05) between HC and HC+SeY groups. 

 

Table X. Ruminal bacterial count 

Items Treatments 

LC HC HC+Sey LSD(0.05) 

Bacteria 62×1010±0.8786b 82×1010±0.5367a 83×1010±0.3183a 1.9851 

 

Ruminal Enzymatic Activities 

Table.XI shows the events of different enzymes in rumen liquid of goat. HC diet and selenium significantly increased (P 

< 0.05) the activities of tested all enzyme in rumen liquid of goat of HC and HC+SeY group parallel to LC goats. 

 

Table XI.Ruminal Enzymatic Activities 
Items Treatments 

LC HC HC+SeY LSD(0.05) 

Urease 7.02±0.05b 7.35±0.02a 7.40±0.05a 0.1130 

Cellulase 415.03±5.92b 431.37±0.62a 433.53±0.33a 10.342 

Protease 0.18±0.27b 0.25±0.89a 0.26±0.87a 0.018 

Amylase 139.65±2.50b 145.25±0.34a 145.88±0.15a 4.390 

Lipase 0.98±0.04b 1.13±0.03a 1.20±0.23a 0.086 
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DISCUSSION 

A well-known biologically significant trace element called selenium is a crucial component of glutathione peroxidase, 

an essential component of the body's anti-oxidation defense mechanism. (Fairweather-Tait et al., 2010). Previous studies 

in milking cows and lambs have shown beneficial effects of selenium supplementation on production efficiency, 

nutrient absorption, glutathione peroxidase, superoxide dismutase activity, and ruminal microbial development. 

(Hidiroglou et al., 1968; Wang et al., 2009). Previous studies showed that ruminal microbes integrate selenium (Se) 

from the food to create their protein and cell wall component (Hidiroglou Heaney & Jenkins, 1968), and that Se addition 

increased the cell membrane's resilience to oxidative damage. (Cobanova et al., 2017; Mihalikova et al., 2005). 

 

Rumen Protozoan count 

In this research, it was found that goats given a high concentrate diet along with selenium yeast had a larger microbial 

community than goats fed a high or low concentrate diet alone. These results are consistent with a research by Moss & 

Newbold et al. (2000) in which they noted a favorable reaction of the microbial community to the addition of Se. 

Similar findings were reported by (Cobanova et al., 2017), who found that adding 0.4 mg/kg DM of selenium to sheep's 

food boosted the activity of ruminal bacteria and protozoa. Similar to this, lambs given a purified meal deficient in Se 

showed higher ruminal microbial concentration with Se addition (Hidiroglou et al., 1968). (Mihalikova et al., 2005) 

discovered that feeding calves 0.3 mg of selenium per kilogram of dry matter (DM) increased ruminal protozoa growth. 

The results of this research corroborate the notion that dietary se supplementation promotes ruminal microbial 

development (Kim & Combs et al., 1997). Additionally, it has been noted that the addition of Se boosted ruminal 

microbial content in ewes given a purified low Se diet and aided protozoa development in calves (Hidiroglou et al., 

1968). (Mihalikova et al., 2005). 

 

Ruminal SCFA concentration and pH 

In the current research, we found that goats fed high concentrate and high concentrate plus selenium yeast diets had 

significantly higher ruminal SCFA concentrations than goats fed low concentrate diets. The ruminal pH is decreased 

concurrently with a rise in SCFA levels. With the inclusion of Se yeast, dairy cows' ruminal total volatile fatty acid 

(VFA) content and nutrient digestion in the entire system increased (Wang et al., 2009). The overall concentration of 

SCFAs in the rumen ranges from 60 to 150 mmol l-1, though this fluctuates greatly depending on the food consumed. 

Grain consumption has a higher ruminal SCFA content than grass consumption. Exceptionally high values, such as 200 

mmol l-1, can be attained when animals feed on new vegetation or are given meals high in starch. (Bergman, 1990). 

When compared to two daily feeds, feeding lactating cows a set diet of hay and high-cereal concentrates in similar 

quantities throughout the day decreases the diurnal variance in ruminal SCFA concentrations and pH. (Sutton et al., 

1986). 

 

Ruminal Enzymatic Activities 

In the results presented, we found that goats fed the HC + HC+Sey diet had substantially higher ruminal enzyme 

activities than goats fed the high and low concentrate diets alone. The rumen microorganisms engaged in feed digestion 

are qualitatively reflected in the rumen microbial enzyme activities. The varied enzyme activities that have been proven 

to occur in the rumen include amylases, proteases, phytases, and those that break down particular plant poisons (Pathak 

et al., 1996). (e.g., tannases). The diversity of the microbial population and the number of fibrolytic enzymes generated 

by specific microorganisms are both factors in the variety of enzymes found in the rumen. (Ali et al., 1995). The 

concerted actions of these enzymes are necessary for efficient breakdown of complicated substrates in the rumen. 

(Cowan et al., 2004; Hess et al., 2011, Roumpeka et al., 2017) Rumen bacteria are an abundant source of enzymes for 

plant biomass degradation for use in ethanol production, and manipulation of the rumen microbiota provides chances to 

lower the cost of food production. (Huws et al., 2018).In comparison to ruminal bacteria, ruminal fungi generate a wide 

variety of enzymes and typically break down a broader variety of substrates. The most tough plant cell wall polymers 

can also be broken down by ruminal fungi (Wubah et al., 1993; Trinci et al., 1994), and the cellulases and xylanases 

they generate are some of the most potent fibrolytic enzymes known to date. (Trinci et al., 1994). The rumen protozoal 

community exhibits activity for each of the key fibrolytic enzymes.   The current research generally indicates that 

supplementing with HC+SeY improves the ruminal acidic environment caused by HC diet. 

 

CONCLUSIONS 

In this study we determined increased microbial population was in goats fed on high concentrate + selenium yeast diet 

compared to goat fed on high and low concentrate diet alone. Ruminal SCFA concentrations were improved 

significantly in goats fed on high concentrate and high concentrate + selenium yeast diet parallel to low concentrate diet. 

Ruminal enzymatic activities were improved significantly in goats fed on high concentrate + selenium yeast diet parallel 

to high and low concentrate food alone. 
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