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Abstract A study was conducted to assess the impact of heat 

stress, nutritional stress and combined stresses (heat and 

nutritional stress) on rumen fermentation characteristics, 

histopathology of rumen and rumen HSP70 gene expression 

in goats. Twenty four adult Osmanabadi bucks were divided 

into four groups, C (n=6; control), HS (n=6; heat stress), NS 

(n=6; nutritional stress) and CS (n=6; combined stress). The 

study was conducted for a period of 45 days. The C and HS 

bucks had ad libitum access to their feed while NS and CS 

bucks were subjected to restricted feed (30% intake of C 

bucks) to induce nutritional stress. The HS and CS bucks 

were exposed to heat stress in an outside environment. Both 

feed intake and body weight were significantly (p < 0.01) 

lower in CS and NS groups. The carboxy methyl cellulase 

activities - extracellular, intracellular and total activity in the 

rumen fluid differed significantly (p < 0.01) between the 

groups. The highest concentration of ammonia nitrogen (p < 

0.05) was recorded in C while the lowest in the CS group. 

The concentration of total nitrogen and trichloroacetic acid 

precipitable N, propionic acid, butyric acid, and valeric acid 

was lower (p < 0.01) in the restricted fed (NS and CS) bucks 

as compared to ad libitum fed groups (C and HS). Further, 

the ratio of acetate to propionate (A:P ratio) was also 

significantly (p < 0.01) higher in CS and NS groups. The 

higher expression of rumen heat shock protein 70 (HSP70) 

mRNA was observed in CS goats. The histopathological 

section of rumen revealed a reduction in the length of rumen 

villi and thickness in CS, whereas rumen keratinization was 

highest in the CS group. From the study it can be concluded 

that when two stresses occur simultaneously, they may have 

severe impact on rumen fermentation characteristics of 

bucks.  

 

Keywords: buck, combined stress, fermentation, heat stress, 

HSP70, nutritional stress, rumen, VFAs 

 

Introduction 

 

Globally, agriculture provides livelihood for more 

people than the industries (Upton 2004). Livestock 

contributes 40 per cent of the global value of agricultural 

output and support the livelihoods and food security of 

almost a 1.3 billion people (Herrero et al 2013). The 

livestock sector is one of the fastest growing sectors of the 

agricultural economy. The growth and transformation of the 

sector provide opportunities for agricultural development, 

poverty reduction and food security gains.  

The goat is an important source of milk, meat and 

fiber for the people throughout the world. They are found in 

many climatic regions of the world, ranging from the arctic 

cold, temperate, deserts and mountains to subtropical and 

tropical dry and humid zones. They are recognized as one of 

the most successful domestic ruminants of the tropics and 

subtropics, which involve the arid, semi-arid, sub-humid, 

humid and the super humid climates. In these regions, 

climatic stresses, limitations of food, water quality and 

quantity, add challenges to the adaptability of goats in 

addition to the presence of internal and external parasites. 

The goats must possess high adaptive capability to be 

successful in surviving and reproduce in all these 

environments.   

Increased environmental temperature leads to 

variations in the basic rumen physiology. Heat stress (HS) 

reduces the total production of volatile fatty acids (VFAs) 

with individual variation. Passage rate and retention time of 

digesta is also influenced by a rise in ambient temperature 
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and thus affects digestibility. The high ambient temperature 

also causes various changes in the characteristics and pattern 

of rumen fermentation, which alters the rumen pH, affects 

the microbial population and VFAs production in the rumen. 

The change in rumen microbiota due to HS may alter the 

fermentation pattern leading to variations in digestibility, 

VFA production and methane (CH4) emission (Yadav et al 

2013). Perhaps diet is considered one of the most vital 

variables affecting microbial fermentation. Further, during 

the summer months there is a huge reduction in pasture 

availability leading to severe nutritional stress (NS) to the 

grazing goats. The type and availability of diet also was 

found to influence rumen fermentation characteristics in 

goats (Riaz et al 2014).  

Animals reared under hot environment are generally 

subjected to more than one stress at a time. This seriously 

hampers the animal production and reproduction under such 

environmental conditions (Naqvi and Sejian 2010). In 

tropical countries, these environmental challenges occur 

simultaneously rather than in isolation and the cumulative 

impact of these are more severe than the impact when they 

occur individually. However, there are only few studies 

available on the effects of combined and multiple stresses on 

livestock (Sejian et al 2011; Sejian et al 2013). The adverse 

effects of these cumulative stresses are to be established for 

developing suitable adaptation strategies to sustain livestock 

production in the changing climate scenario especially in the 

tropical regions. Also elucidating the rumen fermentation 

pattern of the livestock under the influence of multiple 

climatic factors are important for developing suitable 

mitigation strategies for reducing the contribution of 

livestock towards climate change. Hence an attempt has been 

made in this study to establish the effect of more than one 

stress simultaneously on the rumen fermentation pattern in 

goats. The primary objective of the study was to establish the 

impact of HS and NS individually as well as simultaneously 

on the rumen associated fermentation characteristics, 

histopathology as well as HSP70 gene expression in goats.  

 

Materials and Methods 

 

Location 

 

The experiment was carried out at the National 

Institute of Animal Nutrition and Physiology experimental 

livestock farm, Bengaluru, India, which is located in the 

southern Deccan plateau of the country at longitude 77º 38´E 

and the latitude of 12º 58´N and at altitude of 920 m above 

mean sea level. The average annual minimum and maximum 

ambient temperature ranges between 15 to 36 ºC. The mean 

annual relative humidity (RH) ranges between 20 and 85%. 

The annual rainfall in this area ranges from 200 to 970 mm 

with an erratic distribution throughout the year. The average 

annual minimum and maximum temperatures were measured 

using minimum and maximum thermometer and they ranged 

between 15-22 and 27-34 ºC respectively. The average 

annual RH was recorded using hygrometer and it ranged 

between 40-85 %. The experiment was carried out during 

April-May. The temperature and RH variations during the 

study period (April-May) was recorded using thermo-

hygrometer and they ranged between 24-38 ºC and 30-38 % 

respectively under hot semi-arid environment. Further, the 

dry and wet bulb temperatures were recorded using dry and 

wet bulb thermometer. The average meteorological data for 

the entire study period both inside the shed as well as outside 

are given in Table 1 respectively. The temperature humidity 

index (THI) values were calculated as per method described 

by McDowell (1972). Accordingly the formula used was THI 

= 0.72(Tdb + Twb) + 40.6 where, Tdb = Dry bulb temperature 

in ºC; Twb = Wet bulb temperature in ºC. The THI values 

below 70 are considered comfortable and THI values 

between 75 and 78 are considered stressful and THI above 78 

are considered extreme distress.   

 

Animals 

 

Osmanabadi is a dual purpose (meat and milk) 

hardy goat breed, which originated in the semi-arid areas of 

central tropical India. The study was conducted in 24 (one 

year old) Osmanabadi bucks weighing between 15 to 18 kg. 

The animals were housed in well-ventilated sheds made up 

of asbestos roofing, open from side and maintained under 

proper hygienic conditions. Prophylactic measures against 

goat diseases like goat pox, peste des petits ruminants, 

enterotoxaemia, endo and ectoparasitic infestations were 

carried out as prescribed by the health calendar of the 

institute to ensure that the animals were in healthy condition 

throughout the study. 

 

Technical details 

 

The study was conducted for a period of 45 days. 

Twenty four adult Osmanabadi bucks (average body weight 

(BW) 16.0 kg) were used in the present study. The bucks 

were divided into four groups, C (n=6; control), HS (n=6; 

heat stress), NS (n=6; nutritional stress) and CS (n=6; 

combined stress). The animals were stall fed individually 

with a diet consisting of 60% roughage (Hybrid Napier) and 

40 % concentrate (maize 36 kg, wheat bran 37 kg, soya bean 

meal 25 kg, mineral mixture 1.5 kg and common salt 

0.5kg/100 kg of feed). The C and NS bucks were maintained 

in the shed where the animals were exposed to a maximum 

temperature of 35.6 °C while HS and CS bucks were exposed 

outside environment to summer HS between 10:00 h to 16:00 

h where the maximum temperature was 38.3 °C with the 

difference of around 3 °C between inside and outside the 
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shed during the study period. The C and HS group bucks 

were provided with ad libitum feeding while NS and CS 

bucks were provided with restricted feed (30% of intake of 

ad libitum) to induce nutritional stress. Table 2 describes the 

ingredients and chemical composition of the feed offered to 

the animals. All the animals were fed and watered 

individually throughout the study period. All cardinal 

weather parameters were recorded both inside and outside 

the shed. Rumen liquor was collected at fortnightly interval. 

The study was conducted after obtaining approval from the 

institute ethical committee for subjecting the animal to both 

heat and nutritional stresses and for slaughtering the animals 

for collection of organs for histopathological section and 

gene expression studies.  

 

           Table 1 Mean and SEM of meteorological data during the experimental period inside the shed 

Type of 

Environment 

Time of 

Recording 

Minimum 

temperature 

(ºC) 

Maximum 

temperature 

(ºC) 

Dry bulb 

temperature 

(ºC) 

Wet bulb 

temperature 

(ºC) 

RH 

(%) 

THI 

Inside the Shed Morning 

(8:00 hrs) 

21.50 

±0.60 

32.37 

±0.20 

23.80 

±0.21 

20.10 

±0.17 

78.67 

±4.67 

72.21 

±0.25 

Afternoon 

(14:00 hrs) 

24.4 

±0.56 

 

35.60 

±0.72 

26.47 

±0.28 

20.93 

±0.09 

45.67 

±7.21 

74.73 

±0.22 

Outside the Shed Morning 

(8:00 hrs) 

26.93 

±2.87 

34.03 

±0.52 

 

23.13 

±0.20 

22.97 

±0.66 

61.00 

±7.77 

73.92 

±0.57 

Afternoon 

(14:00 hrs) 

27.23 

±3.46 

38.33 

±0.52 

29.57 

±0.38 

26.53 

±0.71 

37.00 

±4.16 

80.99 

±0.25 

           SEM-Standard Error Mean; RH- Relative Humidity; THI- Temperature Humidity Index 

 

Rumen fermentation study 

 

Samples of rumen liquor were collected from all the 

animals at four hours, post feeding by using a stomach tube 

connected to a hand held pump. The pH of rumen fluid was 

determined immediately using a digital pH meter (Cyberscan 

pH 512; Eutech Instruments). About 20 ml of rumen fluid 

was processed for enzyme estimation in sterile centrifuge 

tubes. The remaining rumen liquor was strained through four 

layers of cheese cloth. Strained rumen liquor (SRL) (0.8ml) 

was mixed in micro centrifuge tubes containing 0.2ml of 

25% metaphosphoric acid, allowed to stand for 30 minutes at 

room temperature, centrifuged at 5000 rpm for 20 min, and 

supernatants were stored for determination of volatile fatty 

acid (VFA) concentrations at -20oC. Saturated mercuric 

chloride (1ml/100ml of fluid) was added to remaining 

strained fluid and frozen for analysis of nitrogen fractions. 

 

Table 2 Ingredients and chemical composition of concentrate mixture and hybrid napier hay fed to goats. 

Attribute Concentrate mixture (kg/100 kg) Napier hay (Pennisetum purpureum) 

Ingredients   

Maize 36 - 

Wheat bran 37 - 

Soybean meal 25 - 

Mineral mixture 1.5 - 

Salt 0.5 - 

Chemical composition (%)   

Dry matter 92.9±0.079 94.0±0.289 

Organic matter 95.9±0.190 95.4±0.298 

Crude protein 19.6±0.176 6.21±0.098 

Ether extract 1.82±0.183 1.49±0.026 

Total ash 4.10±0.190 4.64±0.298 

Fibre fractions (%)   

Neutral detergent fibre 40.4±1.400 82. 9±0.881 

Acid detergent fibre 11.1±0.239 64.6±1.950 

Acid detergent lignin 2.14±0.029 12.3±0.651 

Nutritive value   

Total digestible nutrients %* 72.2 55.0 

Digestible energy (kJ/kg) * 13.3 10.1 

Metabolizable energy (kJ/kg) * 10.9 8.28 
*Calculated values 
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Analytical procedures 

 

Chemical analysis  

 

The dry matter by oven drying method (934.01), 

crude protein by Kjeldahl method (code 984.13), ether 

extract (920.39) and total ash (code 942.05) in concentrate 

mixtures and Pennisetum purpureum hay were determined 

by methods of AOAC (1988). Neutral detergent fiber (NDF) 

was determined without sodium sulphite or α- amylase and 

expressed inclusive of residual ash, whereas acid detergent 

fiber (ADF) was expressed inclusive of residual ash and 

lignin (sa) was determined by solubilization of cellulose with 

sulphuric acid as per the procedure of Van Soest et al (1991). 

 

Rumen enzymes assay 

 

An aliquot (10 ml) of rumen fluid was centrifuged at 

14,000 g for 20 min at 4 oC to obtain supernatant for extra-

cellular (EC) enzyme activity and pellet for intracellular (IC) 

enzyme activity. The crude enzyme solutions from the 

supernatants and pellets were extracted following the 

procedure described previously (Agrawal et al 2000). 

Activities of carboxymethyl cellulase (CMCase), and α-

amylase were assayed by using the dinitrosalicylic acid 

(DNS) (Miller 1959). The assay mixture contained 1ml 

phosphate buffer, 0.5 ml of sample (enzyme both EC and IC 

fractions) and 0.5 ml of carboxymethyl cellulose solution 

(10g/l) with incubation time of 1 h at 39oC for estimation of 

carboxymethyl cellulose activity and 0.5 ml phosphate 

buffer, 0.25 ml starch solution (10g/l) and 0.25 ml sample 

with incubation time of 30 min at 39oC for estimation of α-

amylase. The amount of reducing sugar (glucose) released 

was measured colorimetrically (Miller 1959). The enzyme 

activities were expressed as μmol of reducing sugars released 

per hour per ml under the assay conditions. 

 

Rumen fermentation metabolites 

 

The concentration of total nitrogen (TN) and 

trichloroacetic acid precipitable nitrogen (TCA-ppt N) was 

determined by Kjeldahl method (AOAC 1988) from 2 ml 

rumen fluid. For TCA-ppt N estimation 2 ml of SRL was 

transferred to a centrifuge tube and 2 ml of 20% TCA was 

added and allowed to stand. After 12 hours the tubes were 

centrifuged at 5000 rpm for 10 min. The precipitate was 

analysed for TCA-ppt N by Kjeldahl method using Gerhardt 

automatic nitrogen analyzer (Model no. KB 20S and VAP 45 

S, Gerhardt, Cologne, Germany). Ammonia nitrogen in 

rumen fluid samples was estimated by spectrophotometric 

method (Weatherburn 1967).  

 

Volatile fatty acids 

 

The total and individual VFAs content in the rumen 

fluid samples were determined using gas chromatography 

(GC) (Agilent; Model 7890A GC System, Shanghai, China) 

equipped with flame ionization detector (FID), 

programmable temperature vaporizer injector and capillary 

column (Agilent J&W DB-WAX GC Column; length 40 m; 

internal diameter 0.18 mm; film 0.18 µm). The analytical 

conditions for fractionation of VFA were injection port 

temperature 250oC, column temperature step up from 60 to 

200oC in 7 min with a hold time of 10 min and the detector 

temperature was maintained at 300oC with GC grade air, 

hydrogen and nitrogen was used as carrier gas with a flow 

rate of 1.0 ml/min. The samples were injected by an 

automatic injector at an injection volume of 1 μl using the 

split method and a 30:1 splitting ratio. Standard solutions of 

appropriate concentration (mmol/L) were prepared from the 

individual substances, namely acetic acid, propionic acid, 

iso-butyric acid, butyric acid, iso-valeric acid and valeric 

acid of analytical purity (Sigma-Aldrich) and the individual 

volatile fatty acids in the rumen liquor sample were 

identified based in the retention time of the standard. The 

concentrations of the individual VFA in the rumen liquor 

samples were determined by recording the area of both the 

VFA mixed standards and as well as the sample and 

expressed as mmol/L.   

 

Rumen HSP70 Gene expression  

 

The relative rumen HSP70 mRNA expression was 

carried out as per the protocol of Shilja et al (2015). Table 3 

describes the primer sequences for HSP70 and the reference 

gene Glyceraldehyde 3-phosphate dehydrogenase (GAPDH). 

The relative expression of selected genes was studied using 

SYBR green chemistry (Maxima SYBR green qPCR master 

mix, Fermentas, USA). A 20 μL reaction was carried out in 

duplicates using 50ng of template and 1 μM primer 

concentrations. The RT qPCR reaction conditions were as 

follows: enzyme activation at 95°C for 10 min and 

amplification cycle (40 cycles; initial denaturation at 95°C 

for 15 sec, annealing at 60°C for 30 sec and extension at 

72°C for 30 sec).The melt curve analysis was performed to 

check the non-specific amplification. The GAPDH gene was 

used as an internal control and the relative expression was 

analyzed using the formula, 2-ΔΔCT (Tarif et al 2012). The 

results were expressed in fold change as compared to C 

group (C =1fold). 
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   Table 3 Primers used for HSP70 expression. GAPDH used as reference gene to normalize the gene expression of target genes. 

Gene ID Primers Primer sequence (5”- 3”) 
Primer 

Length (bp) 

Product 

Size (bp) 
Accession No 

HSP70 

F TGGCTTTCACCGATACCGAG 20 

167 NM_001285703.1 
R GTCGTTGATCACGCGGAAAG 20 

GAPDH 
F GGTGATGCTGGTGCTGAGTA 

 
20 

265 AF030943 

R TCATAAGTCCCTCCACGATG 20 

              HSP70 - Heat Shock Protein 70; GAPDH - Glyceraldehyde 3-phosphate dehydrogenase 

 

Histopathology 

 

All the experimental bucks were sacrificed after 45 

days of study. The representative rumen tissue samples of all 

the experimental bucks from different groups were collected 

immediately after slaughter from the same site and preserved 

in buffered 10% formalin solution. The fixed rumen tissue 

was processed routinely to get Haematoxylin and Eosin (H 

and E) stained sections (Luna 1968). The slides were 

interpreted in comparison with that of C group animals and 

representative lesions were photographed. Appropriate scores 

were allocated to histological changes. The scoring pattern 

for the histological section was followed as per method 

described by Gibson-Corley et al (2013). The scoring was 

given based on 0-3 point (0-normal; 1- mild; 2-moderate and 

3-severe changes) scale. 

 

Statistical analysis 

 

Repeated data for the variables studied were analyzed 

using general linear models (GLM) procedure by analysis of 

variance for repeated measurements which included the 

effects of thermal stress, nutritional stress and combined 

stress as well as their interactions. Effect of fixed factors, 

namely treatment (control, heat stress, nutritional stress and 

combined stress) and days (Time course effects of 

experiment were carried out on days 0, 15, 30 and 45) on 

variables studied were analyzed. A post hoc analysis was 

performed using Duncan’s multiple range tests for pairwise 

comparisons. The changes in the relative expression of 

rumen HSP70 mRNA in relation to GAPDH 

(Glyceraldehyde 3-phosphate dehydrogenase) as the 

housekeeping gene were analyzed by one-way analysis of 

variance (ANOVA) with Tukey’s post-hoc analysis to 

compare the means between the groups. Results are shown as 

mean ± SE from triplicates (n= 3). Rumen histological data 

were also analyzed by one-way analysis of variance 

(ANOVA) with Tukey’s post-hoc analysis to compare the 

means between the groups. Data was presented as mean ± 

SEM and statistical analysis was carried out using SPSS 

software, version 15.0. The level of statistical significance 

was set at p < 0.05.  

 

Results 

 

Feed intake and body weight changes 

 

The effects of heat, nutritional and combined stresses 

on feed intake were depicted in Figure 1. The feed intake on 

the basis of g DMI (dry matter intake) per kg metabolic body 

size per day differed significantly (p < 0.01) among the 

experimental groups. The feed intake was significantly (p < 

0.01) lower in both NS and CS group as compared to both C 

and HS groups. However feed intake did not differ between 

C and HS groups. The BW differed significantly (p < 0.01) 

between ad libitum (C and HS) and restricted (NS and CS) 

feeding groups from week 2 onwards (Figure 2). Further, 

between C and HS groups the BW differed significantly (p < 

0.01) from week 4 onwards (Figure 2). Further, the 

experimental days and interaction between groups and 

experimental days significantly (p < 0.01) influenced both FI 

and BW.   

 

Rumen microbial enzyme activity 

 

α- Amylase activity  

 

The effect of HS, NS and CS on α-amylase enzyme 

activity in the rumen liquor of goats is described in Table 4. 

The α-Amylase EC, α-Amylase IC and α-Amylase total 

activities (TA) in the rumen liquor was similar across the 

different groups. However, the experimental days influenced 

all these parameters in the study. The experimental days 

significantly influenced α-Amylase EC (p < 0.05), α-

Amylase IC (p < 0.05) and α-Amylase TA (p < 0.01) in 

rumen liquor sample. In addition, there was significant (p < 

0.01) interaction between groups and experimental days only 

for α-Amylase IC activity in the study.    
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Figure 1 Feed intake changes between the control, heat stress, nutritional stress, combined stresses (heat & nutritional) groups of goats. C-

Control; HS-Heat Stress; NS-Nutritional Stress; CS-Combined Stress. Values bearing different alphabets within a week differ significantly 

with each other at p<0.05. 

 

 
Figure 2 Body weight changes between the control, heat stress, nutritional stress, combined stresses (heat & nutritional) groups of goats. C-

Control; HS-Heat Stress; NS-Nutritional Stress; CS-Combined Stress Values bearing different alphabets within a week differ significantly 

with each other at p<0.05. 

 

CMCase activity  

 

The effect of HS, NS and CS on CMCase enzyme 

activity of rumen liquor is described in Table 5. The carboxy 

methyl cellulase EC, CMCase IC and CMCase TA in rumen 

liquor of bucks differed significantly (p < 0.01) between the 

groups. Further, the experimental days significantly 

influenced the activities of CMCase EC, and CMCase TA in 

the rumen liquor during the study. In addition, there was 

significant (p < 0.01) interaction between groups and 

experimental days only for CMCase EC activity in the rumen 

fluid sample of goats.  

 

Rumen fermentation metabolites  

 

The effects of HS, NS and CS on rumen fermentation 

metabolites are described in Table 6. Ammonia nitrogen in 

rumen liquor showed significant (p < 0.05) changes for the 
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treatments. The highest (p < 0.01) concentration of NH3-N 

was recorded in C while the lowest concentration was found 

in the CS group. However, its concentration was similar 

among the control, HS and NS groups without any 

significant effect. Further, experimental days significantly (p 

< 0.01) influenced NH3-N throughout the study period. In 

addition, there was significant (p < 0.05) interaction between 

groups and experimental days for the rumen liquor NH3-N in 

the study. The experimental treatments and days of collection 

had no influence on the rumen liquor pH. However, the 

concentration of total N and TCA-ppt N was significantly 

higher (p < 0.01) in ad libitum (C and HS) and lower in 

restricted feeding (NS and CS) groups. Further, experimental 

days also significantly (p < 0.01) influenced total N and 

TCA-ppt. N in the study. In addition, significant (p < 0.01) 

interaction was observed between groups and experimental 

days for total N and TCA-ppt. N in the study. 

 

Table 4 Effect of heat stress, nutritional stress and combined stresses (heat and nutrition stress) on the α -amylase enzyme activity in goats. 

 

FACTOR 

α-Amylase EC 

(µ mol of 

glucose/ml/hr) 

α-Amylase IC 

(µ mol of 

glucose/ml/hr) 

α-Amylase TA 

(µ mol of 

glucose/ml/hr) 

μ ± SE 69.59 ± 6.60 47.2 ± 6.46 116.78 ± 11.32 

 

GROUP ns ns ns 

C 77.17 ± 11.49 50.28 ± 9.23 127.45 ± 22.15 

HS 85.32 ± 18.93 28.10 ± 3.02 113.42 ± 20.60 

NS 60.71 ± 09.66 58.09 ± 14.0 118.80 ± 27.43 

CS 55.14 ± 17.62 52.31 ± 10.3 107.46 ± 29.46 

 

DAYS ** ** ** 

0 089 ± 12.17 62.03 ± 10.86 151.04 ± 19 

45 50.16 ± 5.60 32.36 ± 04.55 82.53 ± 9.5 

 

GROUP * DAYS 

 

ns 

 

** 

 

* 

EC-Extracellular activity; IC- Intracellular activity; TA- Total activity; C-Control; HS-Heat Stress;  

NS-Nutritional Stress; CS-Combined Stress; μ- Overall Mean; SE- Standard Error.     

**Indicates statistical significance at p < 0.01; * Indicates statistical significance at    p < 0.05;  
ns - Indicates non-significant; Values bearing different superscripts within a column differ significantly with each other 

 

Volatile fatty acids 

 

The effects of HS, NS and CS on the rumen liquor 

VFA profile are described in Table 7. The concentration of 

acetate and iso-valerate was similar among the treatment 

groups. However, as the experiment progressed (days) their 

level was significantly (p < 0.01) influenced. Further, 

interaction between groups and experimental days also did 

not significantly influence rumen liquor acetic acid level, but 

the concentration of iso-valerate was significantly 

influenced. Contrary to the rumen liquor acetate and iso-

valerate level, the propionate, butyrate and valerate 

concentration showed significant (p < 0.01) changes for the 

experimental treatment. The propionate, butyrate and 

valerate concentration was higher (p < 0.01) in ad libitum (C 

and HS) fed group and lowest in restricted feeding (NS and 

CS) groups. Further, the experimental days also significantly 

(p < 0.01) influenced rumen propionate, butyrate and 

valerate level in the study. The concentration of propionate, 

butyrate and valerate in the rumen fluid was affected by 

treatment × days interaction (p < 0.05). Rumen liquor Total 

volatile fatty acid (TVFA) level showed significant (p < 

0.05) changes in the treatment. Further, experimental days 

significantly (p < 0.01) influenced the rumen liquor TVFA 

level in the study. Further, interaction between groups and 

experimental days also significantly (p < 0.01) influenced the 

rumen liquor TVFA level in the study. The acetate: 

propionate (A/P) ratio was affected (p < 0.01) by treatment 

and days of experiment. The ratio was narrower (p < 0.01) in 

ad libitum (C and HS) and wider in restricted feeding (NS 

and CS) groups. Further, experimental days also significantly 

(p < 0.01) influenced A/P ratio in the study. However, no 

interaction was found in the A/P ratio between the groups 

and experimental days in the study. 

 

Rumen HSP70 expression 

 

Rumen HSP70 messenger ribo nucleic acid (mRNA) 

transcript expression between the C, HS, NS and CS groups 

of goats are described in Figure 3. The results revealed that 

rumen HSP70 mRNA expression was evident in C (1 fold), 

HS (1.23 fold), NS (0.34 fold) and CS (1.29 fold). On a 

comparative basis, the rumen HSP70 mRNA expression was 

significantly different only within the stress groups. The 
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HSP70 mRNA expression was significantly (p < 0.05) lower 

in the NS group as compared to both HS and CS group 

(Figure 3). However the HSP70 mRNA expression did not 

differ between C, HS and CS groups (Figure 3).   

 
Figure 3 Rumen HSP70 mRNA transcript expression between the control, heat stress, nutritional stress, combined stresses (heat and 

nutritional) groups of goats.  C-Control; HS-Heat Stress; NS-Nutritional Stress; CS-Combined Stress Values bearing different alphabets 

differ significantly with each other at P<0.05. 

 

Histopathology of Rumen  

 

Figure 4 describes the H and E section of rumen in 

different group of animals. The rumen H and E section 

showed significant (p < 0.05) changes for different stresses. 

The length and thickness of rumen villi were significantly (p 

< 0.05) lower while keratinization was significantly (p < 

0.05) higher in stress groups (HS, NS and CS) as compared 

to C group. Among the stress groups, the lowest (p < 0.05) 

length and thickness of rumen villi and highest (p < 0.05) 

keratinization was recorded in CS group as compared to HS 

and NS groups.      

 

Table 5 Effect of Heat stress, Nutritional stress and combined stresses (Heat stress and Nutritional stress) 

 on the Carboxy methyl cellulase activity in goats. 

FACTOR 

Carboxy methyl 

cellulase  EC 

(µ mol of 

glucose/ml/hr) 

Carboxy methyl 

cellulase  IC 

(µ mol of 

glucose/ml/hr) 

Carboxy methyl 

cellulase  TA 

(µ mol of 

glucose/ml/hr) 

μ ± SE 3.89 ± 0.05 4.52 ± 0.11 8.40 ± 0.13 

 

GROUP ** ** ** 

C 4.46a ± 0.35 5.11a ± 0.31 9.57a ± 0.50 

HS 3.99b ± 0.20 5.23a ± 0.43 9.23a ± 0.58 

NS 3.44c ± 0.08 4.13b ± 0.29 7.58b ± 0.34 

CS 3.66c ± 0.10 3.59b ± 0.14 7.25b± 0.18 

 

DAYS ** Ns ** 

0 4.36 ± 0.11 4.83 ± 0.22 9.20 ± 0.27 

45 3.41± 0.11 4.20 ± 0.16 7.62 ± 0.18 

 

GROUP * DAYS ** Ns Ns 

EC-Extracellular activity; IC- Intracellular activity; TA- Total activity; C-Control; HS-Heat Stress;  

NS-Nutritional Stress; CS-Combined Stress; μ- Overall Mean; SE- Standard error 
**Indicates statistical significance at p < 0.01; * Indicates statistical significance at 

p < 0.05; ns -Indicates non-significant; Values bearing different superscripts within a 

column differ significantly with each other 

 

Discussion 

 

Research pertaining to environmental stress influence 

on rumen fermentation pattern in livestock is very meager. In 

the changing climate scenario, these environmental stresses 

do not occur individually, but rather they occur 

simultaneously. Hence, research efforts are needed to study 

the cumulative impact of environmental stresses on rumen 
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fermentation pattern.  In that line, this experiment is an 

attempt to establish the cumulative impact of both HS and 

NS simultaneously on the goat rumen fermentation pattern. 

In the changing climatic condition, goat is considered to be 

an important species for the livelihood security of poor and 

marginal farmers. Hence the outcome of this research can 

add lots of value to the very limited existing knowledge 

available in this field. This in turn may pave way for 

development of suitable mitigation strategies to improve goat 

production in the changing climatic condition. 

Feed intake of CS and NS was lower than the C and 

HS group throughout the study. In a similar study on Malpua 

sheep, Sejian et al (2010) and Maurya et al (2015) reported 

reduced feed intake in both NS and Cs groups. Depression of 

feed intake is a recognized physiological response of animals 

to heat stress (Marai et al 2007). Marai et al (2007) had 

postulated a reason for this reduced feed intake in sheep after 

thermal exposure. They explained that exposure of the 

animal to a high environmental temperature, stimulates the 

peripheral thermal receptors to transmit suppressive nerve 

impulses to the appetite center in the hypothalamus and 

thereby causing a decrease in feed intake. This decrease in 

feed intake could be an adaptive mechanism of goat to 

produce less body heat. The average BW of Osmanabadi 

bucks under heat, nutritional and combined stresses 

significantly decreased as compared to control group. 

Growth, the increase in the live body mass or cell 

multiplication, is controlled genetically and environmentally 

(Marai et al 2007). Elevated ambient temperature is 

considered to be one of the environmental factors negatively 

influencing average daily gain (Habeeb 1992). The reason 

for the effects of elevated ambient temperature on growth 

reduction could be due to decrease in anabolic activity and 

the increase in tissue catabolism (Marai et al 1999). The 

difference in BW between C and stress groups (HS, NS and 

CS) could be attributed to the reduction in their energy level 

in stress groups as the limited available energy could 

possibly have been used for the heat dissipation mechanism 

(Ocak et al 2009). The reduced BW recorded in CS group as 

compared to the HS group could be attributed to the 

cumulative effect of both heat and nutritional stress in CS 

bucks.  

 

                Table 6 Effect of heat stress, nutritional stress and combined stresses (heat and nutritional stress) on the biochemical  

                parameter of rumen liquor in goats. 

FACTOR NH3 N 

(mg/100ml) 
pH TCA 

(mg/100ml) 

TOTAL NITROGEN 

(mg/100ml) 

μ ± SE 27.59 ± 1.15 6.64 ± 0.03 124.24 ± 5.19 192.66 ± 4.55 

 

GROUP 
* Ns ** ** 

C 32.09 a  ± 1.47 6.57 a  ± 0.03 158.79 a  ± 8.44 233.77a ± 9.93 

HS 28.77ab ± 1.72 6.58 a  ± 0.11 140.11 a  ± 11.4 212.32a ± 9.99 

NS 27.13ab ± 1.10 6.66 a  ± 0.05 100.17 b  ± 10.4 163.34b ± 10.9 

CS 22.37 b  ± 1.67 6.74 a  ± 0.07 97.89 b  ± 12.44 161.20b ± 13.1 

DAYS ** ns ** ** 

0 31.29 ± 1.32 6.59 ± 0.04 171.80 ± 8.0 242.37 ± 8.59 

15 26.21 ± 1.61 6.45 ± 0.06 124.03 ± 6.7 180.22 ± 6.32 

30 27.99 ± 1.40 6.77 ± 0.11 93.88 ± 8.98 165.37 ± 8.29 

45 24.88 ± 1.61 6.74 ± 0.07 107.25 ± 8.1 182.67 ± 8.42 

 

GROUP * DAYS * ns ** ** 

      NH3 N- Ammonia Nitrogen; PH- Rumen liquor PH; TCA- Tricarboxylic acid; C-Control; HS-Heat Stress; NS-Nutritional Stress; 

                      CS-Combined Stress; μ- Overall Mean; SE- Standard Error; **Indicates statistical significance at p < 0.01;  

                                            * Indicates statistical significance at p < 0.05; ns - Indicates non-significant;  
                                  Values bearing different superscripts within a column differ significantly with each other 

 

The activities of α-amylase showed no definite trend 

to both HS and NS in the study. The treatment did not 

influence both the extracellular and intracellular α-amylase 

activities. Further, the TA of α-amylase of rumen liquor also 

did not differ between the groups. This indicated that neither 

HS nor NS was able to influence starch degrading microbes 

and thus α-amylase activities. However, as the experiment 

progressed α-amylase activities in all the fractions (EC, IC 

and TA) were lowered which suggested a decrease in the 

population of starch degrading rumen microbes.  

Lower CMCase activity in both the EC and IC 

fractions indicated that both NS and CS influenced cellulose 

digestibility by lowering the population of cellulose 

degrading microbes. A higher activity of the enzyme in the 

control group of animals suggests that moderate heat stress 

does not significantly influence cellulose degrading 

microorganism as well its enzyme activity. The significantly 
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lower EC CMCase activity in CS groups in comparison to 

the HS group may be attributed to the additional nutritional 

stress in the CS group. Saro et al (2014) also reported the 

significant influence of quality of nutrition on CMCase 

activity in sheep. They reported that the animal with low 

quality feed had significantly lower CMCase activity in 

sheep as compared to high quality feed in sheep. The 

significant influence of experimental days and interaction 

between treatment and experimental days suggests that the 

animals were trying to adapt to the existing stressful 

condition to alter the extracellular CMCase activity in goat. 

Significantly lower activity of CMCase (both IC and total 

activity) in the rumen fluid in both the NS and CS groups as 

compared to ad libitum fed groups (C and HS) show the 

sensitivity of CMCase activities for the environmental 

stresses. Both HS and NS could have reduced the number of 

microorganisms residing in the rumen. The reduced CMCase 

activities could be due to lower protozoa concentration in the 

rumen in stressed animals. There are reports suggesting 

lower CMCase activities in defaunated animals (Santra and 

Karim 2002; Eugene et al 2004; Wina et al 2006).  The non-

significant interaction between treatment and experimental 

days suggests that the effect of treatment on IC and TA of 

CMCase persisted over the time. This shows that IC and TA 

of CMCase may be a reliable indicator for both HS and NS 

in goats.  

 

 
Figure 4  Rumen histopathological changes between the control, heat stress, nutritional stress, combined stresses (heat & nutritional) groups 

of goats. Histopathological changes in H&E stained sections from rumen of C (Control; n=6), HS (Heat Stress; n=6), NS (Nutritional Stress; 

n=6) and CS (Combined stress; n=6) animals subjected to different kinds of stress. The length and thickness of rumen villi were significantly 

(P<0.05) lower while keratinization was significantly (P<0.05) higher in stress groups (HS, NS and CS) as compared to C group. Among the 

stress groups, the lowest (P<0.05) length and thickness of rumen villi and highest (P<0.05) keratinization was recorded in CS group as 

compared to HS and NS groups.    

Beede and Collier (1986) observed that rumen 

function during HS may be altered by pituitary effects on 

basal metabolism such as reduced somatotropin and thyroid 

hormones. Both HS and NS independently did not influence 

rumen liquor NH3-N. But the cumulative effect in CS group 

significantly reduced rumen liquor NH3-N concentration. 

The significantly lower NH3-N in CS group could be 

attributed to the joint impact of HS and NS. However, there 

are reports suggesting the influence of nutrition alone on the 

rumen ammonia concentration (Chanjula et al 2014). They 

reported that energy deficient diet significantly decreased 

rumen liquor NH3-N concentration. Rumen liquor pH has 

strong correlation with rumen microbial activity and rumen 

TVFAs production (Meng-zhi et al 2008). However, in the 

present experiment both HS and NS individually or in 

combination did not influence the rumen liquor pH. But there 

are reports suggesting lower rumen liquor pH during HS in 

cattle (Kadzere et al 2002; Yadav et al 2012). Further, the 

non-significant influence of experimental days and 

interaction between treatment and experimental days 

suggests that the non-significant influence of these stresses 

on rumen liquor pH persisted over the time in the goat.  

  CS   NS   HS   C 

100X 

400X 
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The treatments in the study significantly influenced 

the production of propionic acid, butyric acid and valeric 

acid. However, HS alone did not significantly influence the 

different VFA production. Kadzere et al (2002) observed that 

HS reduced the concentration of VFA in the rumen of cattle 

and attributed this reduction to low feed intake heat stressed 

animals (Kadzere et al 2002). The similar effect of HS 

reducing TVFA production was also reported by other 

researchers in cattle (Tajima et al 2007; Nonaka et al 2008). 

The non-significant influence of HS on VFA production 

could be attributed to the lower magnitude HS in the current 

study. However, there are also reports indicating that ruminal 

temperature did not affect the proportion of VFA in cattle 

(King et al 2011; Yadav et al 2013). Further, there are also 

reports that HS brings about reduction in TVFA production 

by increasing the pH of rumen liquor (Hall 2009; Yadav et al 

2013). Few authors have reported that changes in rumen 

fermentation pattern also may be brought about by changes 

in DMI (Smith et al 2013; Yadav et al 2013). However, when 

HS was combined with NS in CS group, it significantly 

reduced the TVFA production.  This shows the severity of 

combined stress on VFA production. This difference in 

TVFA in CS group could be attributed to the influence of 

both HS and NS on the type of microbial population residing 

in the rumen (Uyeno et al 2010).  Further, the significant 

interaction between treatment and experimental days on 

VFAs production showed that the relationship between the 

groups for the different VFAs production changed over time 

indicating that the animals are trying to adapt to the existing 

conditions. The wider acetate: propionate ratio in both NS 

and CS groups again indicates the sensitivity of nutrition in 

inducing changes in rumen fermentation pattern. However, 

Nonaka et al (2008) contradicted our finding and reported 

that the ratio of acetate to propionate decreased during HS.  

This difference could be due to severe nutritional deprivation 

in NS and CS groups in the current study. 

HSP70 is one of the most abundant and best 

characterized HSP family that consists of highly conserved 

stress proteins, expressed in response to stress, and plays 

crucial roles in environmental stress tolerance and adaptation 

in goat (Banergee et al 2014; Mohanarao et al 2014). The 

expression of rumen HSP70 mRNA expression in NS group 

was down regulated as compared to HS and CS groups. This 

shows the less severity of nutritional stress in inducing 

HSP70 expression as compared to heat stress. There are 

reports suggesting expression of HSP in the rumen (Cronje 

2005). Cronje (2005) attributed this HSP expression in the 

rumen to redistribution of blood to the periphery and 

compensatory reduction in the blood supply to the gut, which 

damages cells lining the gut, permitting endotoxin to enter 

the body. These consequences are more severe in CS group 

since the rumen is populated with bacteria that are 

predominantly of the endotoxin–producing gram–negative 

type and since two stresses are impacting simultaneously the 

CS group, the endotoxin production would be more in this 

group leading to more HSP70 expression (Cronje 2005) as 

compared to NS group. The higher expression of HSP70 

mRNA in CS group as compared to NS group indicates 

different adaptive mechanisms when the animals were 

subjected to two stresses simultaneously. Although CS 

groups also was subjected to nutritional stress still the level 

of HSP70 expression was higher, indicating the higher 

requirement for HSP70 to counter two stresses in the CS 

group. The significant changes in histological section of 

rumen in all stress groups show that in goat environmental 

stresses influences rumen to bring about changes in 

fermentation pattern. The reduced length and thickness and 

higher keratinization of rumen villi in CS group rumen 

Table 7 Effect of heat stress, nutritional stress and combined stresses (heat and nutritional stress) on volatile fatty acids production in 

goats. 

FACTOR C2 

(mmol/L) 

C3 

(mmol/L) 

C4 

(mmol/L) 

C5 

(mmol/L) 

C5i 

(mmol/L) 

TVFA 

(mmol/L) 

C2:C3 

(mmol/L) 

μ ± SE 54.367±1.58 17.66±0.47 7.93±0.29 0.85±0.03 0.817±0.04 95.12±8.99 3.3±0.09 

GROUP ns ** ** ** ns * ** 

C 57.85±2.01 21.33a±0.80 09.9a±0.50 1.06a±0.07 0.73 ±0.10 108.80a±9.03 2.76b±0.12 

HS 56.03±2.17 20.21a±1.14 9.93a±0.54 0.91a±0.08 0.81±0.08 109.11a±9.56 2.89b±0.15 

NS 52.75±3.12 15.46b±1.61 6.15b±0.86 0.69b±0.08 0.87±0.10 90.89a±08.72 3.70a±0.18 

CS 50.84±3.17 13.65b±1.13 5.76b±0.78 0.67b±0.09 0.86±0.12 71.69b±07.12 3.85a±0.20 

DAYS ** ** ** ** ** ** ** 

0 60.76±1.73 22.99±1.03 10.7±0.52 1.26±0.05 1.32±0.11 112.9±10.7 2.72±0.11 

15 55.47±3.21 16.43±0.94 7.26±0.36 0.79±0.03 0.75±0.08 93.14±8.48 3.65±0.19 

30 52.43±2.60 16.82±0.88 6.50±0.55 0.57±0.06 0.45±0.04 89.59±8.75 3.28±0.12 

45 48.81±1.58 14.41±0.76 7.28±0.45 0.80±0.06 0.75±0.06 84.90±9.13 3.55±0.13 

GROUP*DAYS ns * ** ** ** ** ns 

C2- Acetic acid; C3- Propionic acid; C4- Butyric acid; C5- Valeric acid; C5i- Iso Valeric acid; TVFA- Total volatile fatty acid; C:P- Acetate : Propionate 

ratio; C-Control; HS-Heat Stress; NS-Nutritional Stress; CS-Combined Stress; μ- Overall Mean; SE- Standard Error 

**Indicates statistical significance at p < 0.01; * Indicates statistical significance at p < 0.05; ns - Indicates non-significant; Values bearing different 

superscripts within a column differ significantly with each other 
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indicate the severity simultaneous effects of two stresses in 

these goats. In addition, the higher expression of rumen 

HSP70 mRNA also supports this notion in CS goats.   

 

Conclusions 

 

The present study reveals that bucks subjected to HS 

and NS separately had less detrimental effects on buck’s feed 

intake, BW changes and rumen fermentation pattern. Further, 

when compared to NS, HS had a less significant effect on the 

rumen fermentation pattern in the bucks. This indicates that 

when nutrition is not a limiting factor then bucks were able 

to better cope up with HS. However, when both these 

stresses were coupled, it had serious consequences on feed 

intake, BW changes and rumen fermentation pattern. Further, 

the study indicated that Osmanabadi bucks possessed the 

capability to adapt to the detrimental effects of 

environmental stresses which is evident from the significant 

interaction of treatment and experimental days on α-amylase 

IC, α-amylase TA, EC CMCase, NH3-N, TCA, total 

nitrogen, propionic acid, butyric acid, valeric acid, iso-

valeric acid, and TVFA. These attempts of establishing the 

impact of two stresses simultaneously is first of its kind in 

the goat and the outcome of this study in the goat may be 

useful in understanding the combined stress effect on rumen 

fermentation pattern in other livestock species. Further 

studies are required though to have a clear understanding of 

these associations at a mechanistic level if we are to fully 

exploit the potential of nutritionally manipulated rumen 

fermentation in bucks under HS condition. 
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