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Effect of dilution rates of pig faeces on bacterial load of 

bio-slurry produced during anaerobic digestion 

technology 
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Abstract 
The present study was conducted to see the effect of dilution rates of pig faeces on bacterial load of bio-

slurry produced during anaerobic digestion (AD) technology for its safer use as natural fertilizer. The 

study period was of 3 months from June to August 2021. Four groups having different dilution rates of 

1:8 (T0= control), 1:6 (T1), 1:4 (T2) and 1:2 (T3) were taken. The bacterial load for control as well as all 

the treatments was analysed using pour plate technique on day 0, 45 and 90. In case of TBC reduction, T0 

group performed better, whereas, for E. coli reduction T2 group performed better than others. For 

salmonella and alike microbes reduction, all the groups did not show any significant difference. The 

results of the present study showed that AD technology have marked effect in the reduction of bacterial 

load of bio-slurry, making it safe for the use as natural fertilizer. 

 

Keywords: Anaerobic digestion, bacterial load, bio-slurry, dilution rate 

 

Introduction 

In India, pig population is 9.06 million (20th livestock census, DADF). Some researchers have 

quantified potential pig excreta production of India to be 10.1 MT/year, taking average excreta 

produced from an adult pig is 2.7 Kg/day (9% of body weight, Kaur et al., 2107). According to 

Bhatia et al. (2020) [4] pig manure has more biogas production potential (0.30 m3/ Kg VS) than 

cow (0.20 m3/Kg VS). The N, P, K (manurial value) of pig faeces is 0.59, 0.46, 0.43 

respectively, greater than cow dung (0.30, 0.18, 0.18) (Makara et al., 2019) [8] which may be 

used as natural fertilizer. Despite of having lots of hidden potential of pig excreta as manure, it 

is not used wisely and wasted without proper use. Although swine manure can pollute 

environment and may have many harmful effects but if it is used properly can be a precious 

resource to overcome the problems of growing population (Xiaoa et al. 2019) [13]. 

Furthermore, improper disposal of pig faecses generates significant negative impacts causing 

the economic losses, health hazard to human being, contaminating the water table, pathogen 

spread and eutrophication of water bodies (Ramírez et al., 2020) [10]. There are many 

technologies which can use swine faeces efficiently for its proper utilization like anaerobic 

digestion, composting, use of spent slurry as natural fertilizer for enhanced crop yield etc. But 

the pig faeces as well as spent slurry contain many pathogens which may adversely affect its 

handlers. So, the present study was done to see the effect of dilution rates of pig faeces on 

bacterial load of bio-slurry produced during anaerobic digestion (AD) technology for its safer 

use as natural fertilizer. 

 

Materials and Methods 

Location of experiment 

The present study was conducted at swine production farm (SPF) IVRI, Izatnagar, Bareilly 

from June to August 2021. The location of farm is having longitude of 79°24’ east, latitude of 

28°22’ northand an altitude of 169.2m. This location comes under Upper Gangetic Plain 

Region of India (Shastri, 1995). The climatic conditions of Bareilly are humid, sub-tropical 

with very hot summer (44 °C) and dry winter (2 °C). The monthly mean temperatures ranged 

from 14 °C to 33 °C (58°F to 92°F) with annual mean temperature is 25 °C (77°F).  

 

Design of experiment 

To perform anaerobic digestion on pig faeces four digester was used with 1:8 dilutions as 

control (T0) and three treatments with dilution rate of 1:6 (T1), 1:4 (T2) and 1:2 (T3).  
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Water was taken to dilute the faeces, wheat straw was used to 

balance C/N ratio as 25:1 and 2% (v/v)rumen liquor was used 

as methanogen culture. On day zero, all the ingredients were 

filled inside the digester and sealed properly to make 

anaerobic condition. After 15 days of digester sealing, daily 

turning and feeding of biogas digester done for the rest of the 

periods. 

 

Temperature and pH recordings of bio-digesters 

The physicochemical properties like pH and Temperature of 

bio-slurry of each bio-digester was estimated by using digital 

pH meter (Perfect India digital pH meter) whereas 

temperature was recorded by portable temperature meter 

(Konvio®). The recordings were taken as soon as slurry 

obtained from outlet to overcome error due to environment. 

Recordings were taken at fortnightly intervals. 

 

Sample collection 

For estimation of bacterial load the slurry samples from all (4) 

biogas digester were collected on day 0, 45 and 90 in properly 

sterilized 50 ml centrifuge tube. After collection the samples 

were immediately taken to laboratory for further processing. 

 

Bacterial load of the bio-slurry 

To examine the bacterial load of bio-slurry, spent slurry 

sample of 20 ml was taken from control and each treatment. 

Approximately 1.0 ml of spent slurry was suspended in 10 ml 

of PBS and thoroughly mixed by little shaking. The bacterial 

load was calculated using Pour Plate Technique (Miles and 

Misra, 1938). The Hichrome E. coli agar media (HiMedia® 

Mumbai) was used for identification of E. coli (Blue colonies) 

from non-E. coli bacteria. Total bacterial count (White 

colonies) was determined by using Brain Heart Infusion agar 

media (HiMedia® Mumbai). Salmonella and Salmonella like 

Bacteria were identified using Hektoen-Enteroagar media 

(HiMedia® Mumbai). The following equation is used to 

calculate the number of colony forming units (CFU) per gram 

from the original aliquot / sample: 

 

CFU per gram = Average number of colonies for a dilution x 

dilution factor 

 

Statistical analysis 
After collection and calculation, data were analyzed using 

Software Package for Social Sciences (SPSS, version 20.0). 

To examine the difference between various treatment groups, 

recorded data were subjected to one way ANOVA (Snedecor 

and Cochran, 1989). The significant difference between 

different treatments groups were compared by Tukeyʼs b test. 

 

Results and Discussion 

pH and temperature of bio-slurry 

The pH and slurry temperature of control and different 

treatments has been presented in Table 1.The average pH was 

significantly (P<0.01) higher in T3 than T0 and T1 with non-

significant differences among them. The pH value of T2 group 

was in-between T3 and other two groups. The average 

temperature (oC) of spent slurry was significantly (P<0.01) 

higher in T0 than the rest of groups having slightly lower 

values. The physicochemical properties of spent slurry (also 

called bio-slurry) viz, pH and slurry temperature depends on 

the type of raw material or organic material used for biogas 

production. It also depends on the microbes and microbial 

process going inside the digester. The physicochemical 

properties of freshly collected bio-slurry more or less 

indicated the conditions inside the biogas digester in which 

methanogens thrived 

 
Table 1: Physicochemical properties of spent slurry in different treatment groups 

 

Parameters 
T0 

(n=12) 

T1 

(n=12) 

T2 

(n=12) 

T3 

(n=12) 
Sig. Level 

pH 6.09a±0.21 6.21a±0.17 6.33ab±0.18 6.85b±0.09 P<0.05 

Temperature (˚C ) 31.85b±0.16 30.18a±0.23 29.96a±0.19 29.91a±0.28 P<0.01 

Means with different superscript in a row differ significantly 

 

Bacterial load of spent slurry (bio-slurry) 

The microbial load like TBC, E. coli, Salmonella and 

Salmonella like microbes for different groups has been 

enlisted in Table 2. TBC count (in log10) on day 0 was 

significantly (P<0.05) higher in T3 followed by T2, T0 and T1 

with non-significant differences between last two groups. At 

day 45, TBC was significantly (P<0.05) higher in T3 than T0 

and T1 groups with non-significant differences among them, 

however, it was in-between T3, T0 and T1 for T2 group. 

Similarly at 90 days, the trend of TBC was significantly 

higher (P<0.05) in T3 followed by T2, T1 and T0 with non-

significant difference among last two groups. The E Coli 

count at day 0 was significantly (P<0.05) lower in T0 than rest 

of the groups. At 45 days, it was significantly (P<0.05) higher 

in T3and T2 than T1 and T0 groups. At 90 days also, the E Coli 

count was significantly (P<0.05) higher in T3 followed by T1, 

T0 and T2 with non -significant difference among last two 

groups. Salmonella and Salmonella like microbes did not 

show any significant differences at 0, 45 as well as at 90 days. 

The substrate used for anaerobic digestion has numerous 

microbes, few of them may be pathogens, whose quantity 

depends on the source of waste (Jenkins et al., 2007) [6] may 

be due to which TBC and E. coli has higher in T3 as well as 

T2 as these groups were subjected to lower dilution and higher 

OLR (higher concentration of substrate) under present study. 

The anaerobic digestion technology greatly helps to reduce 

the bacterial load of organic waste and safe discharge of 

digested slurry which may be used as fertilizer (Avery et al., 

2014) [1]. Similar trend has been observed for TBC and E. coli 

under present study. The key factor involved in the reduction 

of pathogens during AD is unfavorable environments inside 

the digester which may restrict growth and development of 

pathogens. Among these factors temperature and pH is most 

crucial. In the same way the essential factors required for 

growth and multiplication of pathogens depends on the 

operational factors of digester (Organic loading rate, 

Hydraulic retention time, temperature and pH), type of 

feedstock, competitive inhibition and anaerobic conditions 

(Chen et al., 2016).  

The reduction in the log values of TBC in slurry from day 0 to 

day 90 was17.76% in T0, 17.25% in T1, 12.96 in T2 and 

9.22% in T3 which may be attributed to the hostile 

environment other than temperature and pH. As in this 

experiment the temperature of slurry was in the range of 29-
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32ºC and pH 6.0-7.0 for all groups (Table 1), it may not be a 

good explanation of reduction of log value. The other factors 

like competitive inhibition, HRT, moisture content etc. may 

be attributed to explanation of pathogen reduction from start 

to end of the experiment (Smith, 2005) [12]. The little 

reduction in log values from 0 to 90 days may be due to 

continuous type of biogas digester (Sahlstrom, 2008).Bagge, 

(2005) [2] also advocated that the batch reactor was better than 

continuous type in case of pathogen reduction. The 

significantly (P<0.05) lesser log value of TBC in control and 

T1 than T2 and T3 may be because of the difference in the 

OLR and HRT values along with other less studied factors.  

Similarly in case of E. coli, reduction from 0 to 90 days was 

4.1% in T0, 3.84% in T1, 7.06% in T2 and 4.21% in T3 and 

may be explained by the abovementioned factors. Paudel 

(2009) in a study found that the AD technology reduces the 

pathogen load in bio-slurry than bio-waste (loaded organic 

substrate). In case of Salmonella spp. and salmonella like 

bacteria, the non-significant difference among the groups may 

be because of their lower rate of growth and favourable 

condition for the survivability, as multiplication of bacteria is 

temperature sensitive process. 

 
Table 2: Bacterial load (log10) of spent slurry variants under different treatments 

 

Parameters 
T0 

(n=6) 

T1 

(n=6) 

T2 

(n=6) 

T3 

(n=6) 

Total Bacterial Count (TBC) 

Day 0 7.60a±0.02 7.71a±0.05 8.41ab±0.15 8.78b ±0.08 

Day 45 7.46a ±0.03 7.32a±0.10 8.30ab ±0.00 8.68c±0.04 

Day 90 6.25a±0.05 6.38a±0.00 7.32ab±0.01 7.97b±0.23 

E. coli 

Day 0 5.26a±0.00 5.41ab±0.01 5.52b±0.00 5.69b±0.02 

Day 45 5.17a±0.10 5.14a±0.05 5.37b±0.03 5.46b±0.00 

Day 90 5.04a±0.01 5.21ab±0.014 5.13a±0.16 5.45b±0.06 

Salmonella and Salmonella like microbes 

Day 0 1.91±0.09 1.97±0.15 1.97±0.15 1.91±0.048 

Day 45 1.97±0.15 1.91±0.09 1.91±0.09 2.06±0.06 

Day 90 1.91±0.09 2.00±0.00 1.91±0.08 1.91±0.09 

Means with different superscript in a row differ significantly (P<0.05) 

 

Conclusion 

It is evident that microbial load inside the bio-digester 

depends on crucial factors of growth like temperature, pH, 

amount of substrate as well as competitive inhibition of 

among methanogens and other microbes. From the present 

study, it can be concluded that AD technology assists in the 

pathogen reduction present in the bio-waste and make safe 

bio-fertilizer as a by-product of this technology 
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