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ABSTRACT 
 

The experiment was conducted with the objective of providing more information on the 
physiology and rumen microbial ecology of goats fed municipal organic solid waste treated with 
Diastic microbes of snails (Achatina achatina). The study was on the treated and untreated 
municipal organic solid waste as components of experimental diet. Balanced rations containing 
diets; A = 45% untreated municipal organic waste (UMOW), B = 45% treated municipal organic 
waste (TMOW), and C = 70% treated municipal organic waste (TMOW), with wheat offal, palm 
kernel cake, and molasses used to balance the diets. Where grass/legume ratio of 3 parts of 
Panicum maximum and 1 part of Centrocema were fed across treatments at the same 
proportion. The three rations were fed to 18 unsex Red Sokoto goats aged between 6 to 7 
months, with an average weight of 8.01±2.50kg. They were housed in pens, on a floor space of 
0.5 to 0.75m2 in a completely randomized designed experiment replicated six times and fed for 
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a period of 52 days. The results were separated according to the parameters of rumen 
physiology (pH, total volatile fatty acids, acetic, propionic, butyric acids and ethanol, and rumen 
ecology (bacteria, protozoa, and fungi, which are mainly anaerobic microbes). The 
investigations revealed that microbial (bacteria, protozoa and fungi) load counts were 
significantly (p<0.05) influenced by dietary treatments. While the total volatile fatty acids 
(TVFA), acetic, butyric and propionic increased (p<0.05) except for the TVFA and the propionic 
acid that showed numerical (p>0.05) increased levels of (TMOW). The pH levels improved 
(p>0.05) between 6.7 to 6.8 where the rumen electrolytes (Ca, Na and K) increased (p<0.01) 
with increased levels of TMOW. Rumen moisture, dry matter and fat content were (p<0.01) 
influenced by TMOW diets while ash content was (p<0.01) influenced by the TMOW. Crude 
protein, ether extract, crude fibre and carbohydrate were not affected (p<0.01; p<0.05) affected.  

It is good to note that, the microbial community of snail used in the pre-feeding fermentation of 
municipal organic waste had influence in the physiology and rumen microbial ecology at 
interface with the goat, enhanced improved the organic matter degradation and feed quality, of 
the highly fibrous municipal organic solid waste. 
 

 
Keywords: Physiology; rumen ecology; diatic-microbes; municipal organic waste; red sokoto goats; 

Achatina achatina. 
 

1. INTRODUCTION 
 

The digestive tract of ruminants is an 
immunologically active organ system, which is 
constantly exposed to multitude of exogenous 
and endogenous stimuli, which is a home to a 
complex and diverse ecosystem of microbes 
known as microbiome or microbiota [1]. Rumen 
microbes can be assigned to different 
functional groups of microbial-enzymes, for the 
decomposition of municipal organic waste 
(cellulolytics, amylolytics, proteolytics, 
lignolytics, fibrolytics, etc.), they degrade wide 
variety of feed components and further 
metabolize some of the products formed by 
other microbes [2]. Rumen microbial 
community is determined by morphological, 
physiological and behavioural, that evolved 
with different feeding strategies in the various 
ruminant lineages [3]. Improvement in the 
ability of the rumen microbiota in goats to 
degrade sawdust cell wall, is highly desirable 
and can lead to better goat production [4,5], 
improve weight gain, feed conversion 
efficiency and economic benefit on cane rat 
[6]. A complex community of fibrolytic 
microorganisms catalyzes the degradation of 
fibre in the rumen [7]. Fibre digestion in the 
rumen of goats is not optimal, as it is 
supported by the fact that, fibre recovered from 
the feces is fermentable. This view is 
confirmed by the knowledge that mechanical, 
chemical, exogenous enzymes pretreatments 
[5], and plant lignin composition modification 
by the genetical manipulation to improve fibre 
degradation [7]. The rumen is an ideal 
microbial habitat because the conditions that 
exist are conducive for the survival and growth 

of microorganisms [8,4]. The number of 
bacterial species present in the gastrointestinal 
tract of ruminant varies depending on the diet, 
feeding strategy and geographical location and 
has been estimated to be more than 5,000 [1]. 
The rumen functions of goat which is similar to 
other ruminant species, as related to their 
feeding systems. Fibrous biomass consumed 
by goat is fermented by microbes (bacteria, 
fungi, and protozoa) which is the ruminant 
distinctive ecology systems and are converted 
to the volatile fatty acids (acetic, propionic and 
butyric acids) and other fermented gases 
(methane and carbon dioxide) and ammonia 
with the product of heat, which is the major 
physiological component of the rumen 
environment.  
 

Municipal wastes are highly heterogeneous 
with variable physical characteristic content 
depending on the sources, which are; food and 
vegetable wastes, yard waste, plastics, papers, 
wood, metals, leather, textiles, batteries, inert 
materials [9,10]. Several studies indicate that 
much of the municipal solid waste from 
developing countries generated are; 55-80% 
households, 10-30% commercial or market 
areas and varying quantities from industries, 
institutions among others [11,12,13,10].  
Generally, the rumen environment provides 
growing conditions suitable for the 
development of microorganisms for the 
decomposition of organic wastes, the activity 
of each species that participates in the 
interaction applies selection pressure to the 
others [14,15]. These microbial species and 
activities have shown to be affected by levels 
of feed intake and frequency of feeding 
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[5,16,17]. This suggests that, it is possible to 
manipulate the composition of ruminal 
microbial community by diet and management, 
also the host may have effect on selecting 
rumen bacteria [18,19]. This indicates the 
possibility to breed selected rumen microbial 
organisms for better performance. 
 
The study of nutritional physiology as in this 
study has focused on these host-associated 
microbial communities (diastic microbes); 
metagenomics offers an opportunity to 
understand their physiological role and 
evolutionary significance [20]. This is to 
increase in the area of comparative studies in 
exploring microbial diversity of complex 
communities (goat rumen) and to better 
understand and obtain the microbial systems 
through information from genomics and 
metagenomics data [21,22,23].  
 
Snails fed on plant biomass, their guts which 
depends predominantly on the metabolic 
activities of the gastro-intestinal microflora this 
evolved for years to digest lignocellulosic 
biomass with extraordinary efficiency [24,4]. 
Microbial communities in stream ecosystems 
are the trophic foundations for food webs and 
energy flow, occupying nearly all functional 
groups that turn over nutrients from municipal 
organic waste and playing a central role in 
recycling the detrital pool into energy for the 
animal metabolic processes [25]. 
Nevertheless, the most important groups of the 
heterotrophic microbial communities, a suit of 
microscopic prokaryotes and eukaryotes that 
decompose organic matter are consumed by 
organisms of higher trophic levels. The 
productivity of these microorganisms can be 
quantified to estimate the overall productivity of 
stream environment if fed municipal organic 
waste [6]. The main targets of microbial-
biotechnology prospects as in this study is to 
search for an innovative biocatalyst to 
breakdown complex polysaccharides, lignin 
and cellulose of sawdust complex cell walls for 
the release of beneficial biochemicals (protein, 
vitamins, total volatile fatty acids, acetic, 
propionic, butyric acids, and electrolytes) for 
goat nutrition [5], using diastic microbes of 
Achatina achatina.  
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Site 
 

The study was conducted at the Sheep and 
Goat Unit of the Teaching and Research Farm, 

Michael Okpara University of agriculture, 
Umudike, Abia state, Nigeria. The site lies 
between latitude 05°-29° North and longitude 
of 7°-32° East, and at an altidude of 123m 
above sea level. It is ecologically situated in 
the rainforest zone of the Southeast of Nigeria 
(Keay, 1959) with annual rainfall of 2177mm, 
temperature of 22°C-36°C, and relative humidity 
of 50%-90% [26]. 
 

2.2 Sorting, Sampling, Storage and 
Sample Preparation 

 
In this study about 2 tonnes of household-
sorted organic solid waste from Umuahia 
municipality were used. The wastes were 
collected from households and market areas 
within seven (7) days in March 2012. The 
plastic bags into which the waste was placed 
for collection were cut up mechanically and 
sorted manually. Some parts of the metal 
impurities were removed using magnetic 
separation. Air dried for 14 days before 
grinding. The waste was milled in a Meat-
mincer (Palmia, 18.5kW) to a maximum 
particles size of 13 mm; and 5kg of the waste 
packed in polyethene bags (with 3% butyl 
acrylate added in ten (10) packs carton). The 
samples for chemical analysis were taken from 
every 10 cartons for the study. The waste was 
immediately stored at 24oC and frozen. All 
samples were dried at 55°C in a draft oven and 
ground in a Wiley mill to pass through a 1 mm 
sieve prior to chemical analysis.  
 

2.3 Chemical Analyses  
 
All chemical analysis for the study was 
determined by the method of the Association of 
Official Analytical Chemist [27]. The dry matter 
and ash were determined by conventional 
gravimetric as adopted by Jennische and 
Larsson [28]; while the crude fat was 
determined as described by Hassan and El 
Tinay [29]. The cellulose, hemicellulose and 
lignin were determined as outlined by Van 
Soest [30]. However, starch was determined 
enzymatically with thermostable amylase and 
amyloglucosidase as described by Nordkvist, 
[31]; Bengtsson and Larson [32]. Sugar 
expressed as sucrose was determined 
enzymatically based on the studies of 
Bengtsson and Larson [32], and Anigbogu et 
al., [33]. Carbon and the total nitrogen content 
were determined by dry combustion at 140C 
with a CNS 2000 from LECO Equipment 
Corporation. While gross energy was 
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determined by using an automatic bomb 
calorimeter (LECO AC 300) (Swedish standard 
187182). Analysis of electrolytes, was done 
with an inductively coupled plasma emission 
spectrometer (JY 50 P, Instrument S.A; 
Division Jobin-Yvon, Longjumean, France) 
after wet ashing with a mixture of concentrated 
perchloric and nitiric acids [33]. Wet ashing 
with nitric acid was also tested.  
 

2.4 Preparations of Starter Inoculum  
 
The starter inoculum used was prepared in the 
laboratory using fermentation vat (Volume 3.5 
litres), the following materials were measured 
and added to the vat, 500g of untreated 
municipal organic waste as substrate, 100 ml 
of diastic-Microbes suspension with the 
addition of 0.5 litre water, then stirred to obtain 
a homogeneous mixture. The mixture was 
closed and kept at room temperature of 23.1°C 
to 24.6°C for 10 days. Thereafter, the 
fermented dough was stored for the study 
[34,4,5].  
 

2.5 Preparation of Treated Municipal 
Organic Waste ((TMOW)  

 
The treated municipal organic waste (TMOW), 
(Diastic microbes degraded municipal organic 
waste) was prepared using 20kg municipal 
organic waste placed in fermentation vat 
(Capacity 100 litres) with 20 liters of water and 
2kg fermented dough previously prepared as 
starter inoculums for the study and then 
homogenously mixed. The sample was sealed 
in the vat and allowed to ferment for 10 days at 
room temperature of about 23.10C to 240C. After 
which the fermented product (TMOW) was 
sun-dried, analyzed and stored for the feeding 
trial.  
 

2.6 Experimental Animals and Diets  
 
Eighteen (18) Red Sokoto goats between aged 
6 to 7 months with an average average weight 
of about 8.01±2.50kg were used for the study. 
They were housed in pens, on a floor space of 
0.5 - 0.75 square meters, with 4 - 5 linear 
inches feeding space, on well ventilated and 
cemented floor in intensive feeding system, of 
wish water and feeding were given ad-libitum. 
To prevent the accumulation of excreta in the 
pens the floor was spread with wood shavings 
as bedding material. The goats were 
quarantined for 3 weeks to observe their health 
condition, then treated against helminthes and 

ecto-parasites using IVOMEG before they were 
fed the experimental diets [5]. The 
experimental diets consist of Diet A = 45% 
Untreated municipal organic waste, Diet B = 
45% Treated municipal organic waste, and 
Diet C = 70% Treated municipal organic waste, 
where wheat offal, palm kernel cake, and 
molasses were used to balance the diets as 
shown in Table 1, where mixed grass/legumes 
(mainly 3 parts of Panicum maximum and 1 
part of Centrocema pubescens were provided 
for the study.   
 

2.7 Experimental Design and 
Management  

 
The eighteen (18) Red Sokoto goats were 
divided into 3 groups according to their initial 
body weights and assigned to the 3 dietary 
treatments 6 replicates in a Completely 
Randomized Design. Each group was given 
basal diet of 0.5kg/head of mixed 
grass/legume (mainly 3 parts Panicum 
maximum and 1part Centrosema pubescens) 
and concentrate containing municipal organic 
waste as shown in Table 1. Weighed quantities 
of concentrate and hays were offered daily, 
separately at 7:30am and 4:30pm, 
respectively, to avoid selective intake of the 
diets.   
 

2.8 Rumen Microbial Load Count 
Determination 

 
The rumen fluid and the rumen contents of the 
experimental Red Sokoto goats were collected 
as samples using slaughter experiment 
techniques, by opening of the stomach to 
collect the samples and then sundried for 
analysis to determine the total microbial count 
load. The pour-plate method as described by 
McSweeney and Mackie, [35] was used to 
determine the rumen microbial load. Three 
animals from each of the treatment were 
stunned, slaughtered and rumen content 
collected according FOA and HIS, [36]. One 
gram of each sample was suspended into 9ml 
of sterile distilled water in a McCartney bottle 
to give 10 mils dilution. Serial dilutions were 
made up to 10'3 and each dilute of the samples 
were plated under duplicate using pour plating 
techniques. This was done by transferring 1ml 
from each McCartney bottle into two different 
dishes, and then pours about 15ml of the 
nutrient agar media on each sample. 
Incubation of microorganisms was done in an 
incubator for 48 hours at 37°C, after which, the 
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colonies appearing on the agar plates were 
counted using a tally counter and hand lens. 
The average colony obtained from the 
countable duplicate plate was expressed as 
colony forming unit per gram (cfu/g). 
 

2.9 Statistical Analysis  
 
All data gathered at the end of the studies 
were analyzed using the analysis of variance 
(ANOVA) of Complete Randomized Design 
(CRD) [37]. The mean separation for 
significant effect was done using Duncan’s 
New Multiple Range Test, as described by 
Gomez and Gomez [37]. 
 

3. RESULTS  
 

3.1 Microbial Load Count in Rumen 
Content 

 
In the experiment, microbial community 
evaluated were bacteria, protozoa and fungi as 
presented on Table 2. The mean bacteria cell 
count was high (p<0.05) as in treatment C, 
followed by treatment A, while the lowest was 
obtained in treatment B. Protozoa cell load 
showed higher (p<0.05) for treatment B, and 
statistically similar as in treatments A and C. 
Where the fungi load count was numerical the 
same in treatments A and C, and showed poor 
results in treatment B (p<0.05). 
 

3.2 Rumen pH, Total Volatile Acids, 
Acetic and, Butyric acid, propionic 
and Ethanol 

 
Table 3, present rumen pH, total volatile acids, 
acetic, butyric acids and ethanol for goats fed 
experimental diets. The rumen pH measured 
for the goats were not significant (p>0.05) 
among treatments at neutral pH scale, this is 
an indication for low rumen acid level. Total 
volatile fatty acids increased (p>0.05) with 
increased levels of treated municipal organic 
waste (TMOW). Acetic acids rumen content 
was significant (p<0.01) among treatments. 
Treatment C and B showed higher (p<0.05). 
The butyric acids rumen contents of treatments 
B and C was (p<0.01) higher over the A 
treatment. Ethanol obtained from the rumen 
contents of treatments B and C were (p<0.01) 
lower than as shown in treatment A. While 
propionic was found to increase (p>0.05) with 
increased levels of treated municipal organic 
waste.  

3.3 Rumen Mineral Electrolytes Content 
 
Potassium (K), sodium (Na) and calcium (Ca) 
were noted to increase (p<0.01) with 
increasing levels of treated municipal organic 
waste (Table 4), and shown (p<0.05, and 
p<0.01), respectively. Higher values were 
generally found among the treatment C, 
followed by B and A, respectively. 
 

3.4 Rumen Moisture Content, Dry Matter 
and Fat (Ether extract) 

 
Rumen moisture content, dry matter and fat 
(ether extract) of the goats fed experimental 
diets were as presented in Table 5. Higher 
rumen moisture content was obtained (p<0.01) 
for goats fed diet B, over those of the diets C 
and diet A, respectively. There were (p<0.05) 
differences on the dry matter and fat rumen 
content as observed among goats fed 
experimental diets.  
 

4. DISCUSSION 
 

4.1 Microbial Counts 
 
As noted in this study, there was an increased 
bacteria count for goats fed treated municipal 
organic waste at 70% level of inclusion, while 
those fed at 45% inclusion revealed lower 
microbial load count (p<0.05). This conformed 
with previous findings that over 70% of the total 
rumen microorganisms are bacteria, which play 
an important role in host nutrition, physiology 
and immunity of the animals [38]. 
Metagenomics analysis of rumen 
microorganisms of cattle of different ages also 
revealed that highly represented group were 
bacteria and was noted at 85%, and that, the 
much lower abundance were Archaea [39]. In 
the aspect of solid-state fermentation and 
substrate degradation of cellulose, fibrous and 
lignocellulose feed stuffs, this is only 
achievable by the use of microorganisms that 
are mainly anaerobes [40]. Extra-ruminal 
nutrient fermentation using snail (Achachatina 
achachatina) as pre-feeding biodegradation of 
sawdust and crop waste, must have affected 
the rumen microbial population by increasing its 
multiplication. The complex nature of these 
increase bacteria interactions between that of 
snail and rumen microbes, can be best explain 
with the state-of-the-art methodologies for 
quantifying heterotrophic bacteria productivity 
[5]. Bacteria cells that can better exploit their  
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Table 1. Composition and chemical analysis of the experimental diets 
 

Feedstuffs  Diets (%)   

 A B C 

Untreated Municipal Organic Waste 45.00 - - 
Treated Municipal Organic Waste - 45.00 70.00 
Wheat offal 22.5 22.5 10.00 
PKC 22.5 22.5 10.00 
Molasses 10.00 10.00 10.00 
Total  100 100 100 

Chemical component analysis    
Protein 14.31c 15.56a 14.69b 
Fat 9.75a 7.09c  9.16b 
Ash 17.74b 17.47c 23.86a 
Sugar 0.99a 0.18c 0.28b 
Starch 7.20a 4.55c 7.10b 
Cellulose 9.64a 7.88b 10.00a 
Hemicellulose 9.41a 7.02b  3.42c 
Lignin 5.81b 4.38c 5.90a 
Energy (MJ/kg) 12.20a 6.06c 7.71b  

Macro-nutrients (%)    
Nitrogen 2.29c 2.49a 2.35b 
Phosphorus 0.60b 0.71a  0.59c 
Calcium 1.09c 1.59b  2.30a 
Potassium 1.55a 1.59b 0.94c 
Magnesium 0.28a 0.21b  0.13c  
Sulphur 0.21b 0.13c 0.31a   

Micro-minerals (mg/kg)    
Sodium 15.82c 16.87b 26.38a 
Manganese 0.28a 0.21b 0.13c 
Iron  2050.05c  2794.65b 4130.90a 
Cobalt 0.80c 1.36b 2.03a 
Copper 18.00c 20.20b 22.20a 
Zinc 49.10c  56.70b 58.28a 

International Energy Value = IEV/100kg = 0.033MJ/Kg, SEM = Standard Error Mean a,b,c Means with 
different letters and within the same row are significantly different (P<0.05) 

 

Table 2. Microbial load count (Cfu/mg) in rumen content  
 

Parameter  A B C SEM Sig. 

Bacteria  132.33 × 108b 122.33 x 108c 146.33 x 108a 6.96 x 108 * 
Protozoa  34.33 x 104b 41.33 x l04a 32.00 x 104b 2.79 x 104 * 
Fungi  2.33 x 103a 1.67 x 103b 2.33 x 103a 99.4 * 
*=Significant (P<0.05); **=Significant (P<0.01), a.b.c Means in the same row with different letters superscripts 

are Significant (P<0.05; P<0.01), SEM: standard mean error 
 

Table 3. Rumen pH, total volatile acids (TVA), acetic acid, butyric and ethanol levels of 
goats fed experimental diets 

 

Sample  A B C SEM Sig. 

pH  6.8 6.8 6.7 0.0093 ns 
Total VFA (mmol) 102 106 110 2.60 ns 
Acetic(mmol/g) 0.44c 0.58b 0.66a 0.0002 * 
Butyric(mmol/g) 0.08b 0.12a 0.12a 0.0002 ** 
Ethanol(mmol/g) 0.34a 0.13c 0.22b 0.0002 ** 
Propionic(mmol/g) 0.69 0.74 0.78 0.0003 ns 

*=Significant (P<0.05); **=Significant (P<0.01), ns = Not Significant a.b.c Means in the same row with different 
letters superscripts are Significant (P<0.05; P<0.01), SEM: Standard mean error 
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Table 4. Selected rumen electrolytes contents of goats fed experimental diets 
 

Parameter (mg/100g) A B C SEM Sig. 

K  95.00b 104.33b 121.17a 0.93 * 
Na  70.12b 93.67b 102.33a 32.23 ** 
Ca 55.99b 69.67a 69.69a 21.00 ** 
*=Significant (P<0.05); **=Significant (P<0.01), a.b.c Means in the same row with different letters superscripts 

are Significant (P<0.05; P<0.01), SEM: Standard mean error 

 
Table 5. Rumen moisture, dry matter and fat content of goats fed experimental diets 

 

Sample (%)  A B C SEM Sig. 

Moisture   9.47c 19.13a 11.52b 0.272 ** 
Dry Matter 90.53a 80.87b 88.48a 0.400 * 
Fat   1.27a 1.07b 1.15a 0.00052 * 
*=Significant (P<0.05); **=Significant (P<0.01), a.b.c Means in the same row with different letter superscripts 

are Significant (P<0.05; P<0.01), SEM: Standard mean error 

 
environment will potentially produce more 
progeny. However, cells encountering 
suboptimal environments relative to their 
metabolic adaptations, will be out competed.  
Growth and occupancy of any community is 
defined by flexible metabolic strategies based 
on the external environment [6]. The drivers of 
these microenvironments are resource 
gradients including nutrients, pH, physical 
space, reducing agents, and terminal electron 
acceptors as noted by Rousk et al., [41], 
Goldfarb et al., [42], De Weirdt and Van de 
Wiele, [43]. This is to say that bacteria may 
inhibit or kill competitors and prevent invasion 
into their territory, through interference 
competition, releasing diffusible antagonist 
such as, toxins or antibiotics. They can create 
inhospitable zones for competitors [44]. Just as 
an in-vitro laboratory process, that best 
explained the interaction of single cell bacteria 
culture communities, which involves one set 
developing biofilm as protective shield against 
the other. So, it is possible to have such in-vitro 
bacteria mechanism in a complex microbial 
communities. The interaction from pre-feeding 
diastic-microbes of snail fermentation, and in-
vivo ruminal microbial fermentation can lead to 
increased bacteria load 9 [7]. On the 
extracellular polysaccharides (EPS) microbes 
of snail, exploiters can compete their                
isogenic cousins from rumen as in this study 
[1]. 
 
Rumen protozoa are known to engulf bacteria 
and feed particles and digest carbohydrates, 
proteins, fats and cellulose [45]. Treatment 
diets B shows higher protozoa cells counts. It 
conforms with other findings from several 
authors which estimated <50% rumen protozoa 

cells count. Nagaraja [8] reported that, 
protozoa genus Entodinium to have been 
involved in control of bacterial populations in 
the rumen, as obtained in low bacteria 
population for treatment diet B. These ciliates 
organisms play an important role in fibre 
digestion and the modulation of the 
fermentation profiles [46]. It has been difficult to 
establish the role of ciliate protozoa in rumen 
fibre degradation based on Newbold et al., [47]. 
Hopefully, recent technological advancement in 
microbial biotechnology research will go a long 
way in solving these microbial mysteries. 
Rumen anaerobic fungi constitute 5-8% of the 
total biomass. Anaerobic fungi will attach 
through flagella, encyst, and develop a 
rhizoidal system, which penetrates the 
substrates with the help of polysaccharide-
degrading enzymes [48]. The zoospores 
attachment takes place within 15-30 minutes of 
incubation of feed in the rumen. Then secretes 
an array of enzymes including esterases 
(feruloyl esterase, ρ-coumaryl esterases, and 
acetyl esterase), which break the ester bonds 
between hemicelluloses and lignin, thus 
releasing free celluloses and hemicelluloses for 
the other microbes to attack [49]. The fungi 
have been known to produce multienzyme 
complex known as cellulosomes [50,51]. This 
characteristic drew the attention for 
biotechnological applications as well as for 
microbial supplementation of feeds for ruminant 
production, and for improving low-quality feeds 
in livestock production as in this study [5]. 
Inclusion of anaerobic fungi cultures in diets 
has been made and the results indicated 
improvement in feed intake, animal growth rate, 
feed efficiency, and increased milk production 
[52,48,5].  
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4.2 Rumen pH 
 
Rumen pH close to it buffer level at a 
favourable microbial growth stage. This is 
similar to Aluwang et al., [53] as in the pH of 
gastrointestinal tract, with the exception of the 
stomach, is nearly neutral, where 90-99% of 
short chain fatty acids (SCFAs) were presented 
as anions rather than as free acids. It is good to 
note that, too low pH creates an acidic rumen 
ecological environment, that is unfavourable for 
microorganism to thrive, except acidophilic 
microbes which cause acidosis. High pH 
creates an alkaline rumen ecological 
environment, which hamper the growth and 
reproduction of microorganisms.  Some 
extreme acidophiles typically growing at pH <3 
or within 0.5 to 5, and others are moderate with 
an optimal growth 3 to 5 pH [54,55]. For 
alkaliphilic or alkaliphiles pH are in range of 9 
to 12. Most bacteria are neutrophiles that grow 
in pH 5.5 to 8.5 or 5 to 9 [55]while fungi thrive 
at slightly acidic pH values of 5.0 to 6.0. The 
group of acidophiles are higly versatile and are 
able to utilize wide variety of energy sources 
(solar, inorganic and organic chemicals). They 
grow in the presence or complete absence of 
oxygen, and at the temperature between 4oC 
and 96oC [56,57]. At acidophilic and alkaliphilic 
levels, any microbes that survives make the 
rumen ecological environment difficult for 
actual fermentation and breakdown of fibrous 
mats. An extreme pH affects the structure of all 
macromolecules and the living cells. The 
hydrogen bonds holding together strands of 
DNA breakup at high pH, especially the protein 
most sensitive to pH in the cell workhouse. It is 
clear to note that, moderate changes in pH 
modify the ionization of amino-acid functioning 
groups and disrupt hydrogen bonding, and 
cause changes in the folding of the molecules, 
promoting denaturation and destroying activity. 
The study on ruminal pH helped to identify risk 
factors of subacute ruminal acidosis in dairy 
herds [58]. Note that, the percentage 
concentrates in the ration, days in milk, (DIM), 
time of day, and daily milk yield are factors 
affecting ruminal pH at herd level [59]. 
 

4.3 Total Volatile Fatty Acids 
 
Total volatile fatty acids (VFAs) are produced in 
large amounts through ruminal fermentation 
and are importance in that, they provide about 
70% of the ruminant energy supply to function 
metabolically. It well proven that, continuous 
removal of VFA from the rumen is important not 

only for distribution, but to prevent excessive 
and damaging drops in pH of rumen fluid, 
which may cause acidosis. High proportions of 
rumen volatile fatty acids (acetate, propionic 
and butyric) found in young Friesian bulls 2 
hours after post-feeding with mixed rations of 
low-degraded neutral detergent fibre in dry 
matter content; with peak VFAs for 4 hours in 
the rumen after feeding [60]. It is an establish 
facts that, anaerobic microbial fermentation of 
dietary fibre of complex carbohydrate in the 
forestomach and large intestine, produce short 
chain volatile fatty acids (acetic, propionic, 
butyric, isobutyric, valeric, isovaleric, 2-
methylbutyric, hexanoic and heptanoic acid) 
was note as in Aluwong et al., [53]. Acetate, 
propionate and butyrate are the predominant 
SCFAs, and were readily available, absorbed 
and assimilated as nutrient by the ruminant. 
Ruminants depend on the SCFAs up to 80% for 
their energy requirements for maintenance and 
production [61]. In ruminant, propionate is the 
major substrate for hepatic gluconeogenesis, 
where acetate, propionate and butyrate 
stimulate sodium and fluid absorption in the 
colon [62].   
 

4.4 Rumen Minerals Electrolytes, 
Moisture, Dry Matter, Fat Contents  

 
Within the rumen, the ability to utilize ingested 
materials especially from plant origin to release 
electrolytes in the bonded cells, depends highly 
on how well the fermentation is constructed and 
how efficiently the products are removed. 
Basically, four groups of microorganism which 
occupy the rumen and enhance the breakdown 
of the complex plant cells are; bacteria, 
methanogens, protozoa and fungi this is as 
revealed by Nagaraja, [8]. As noted in this 
study, the manipulation of the rumen system to 
liberate electrolytes is achievable through feed, 
host animal and microbial biotechnological 
manipulations [8]. Preferential, degradation of 
cellulose and hemicellulose is dependent on 
the type of substrate, duration of degradation 
and physiological behaviours of the microbes 
used [63]. As in the studies of Abayomi et al. 
[63] and Babayomi [64] enhanced digestibility, 
decreased crude fibre, increased crude protein 
and electrolytes in maize husk substrates 
treated with with-rot fungus, in the use of 
rumen liquid content for incubation as means 
for pre-degradation process for fibre. The 
rumen has evolved to be an efficient and 
complex lignocellulose degradation system, 
and is considered to be the most efficient 
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microbial system at degrading lignocellulosic 
biomass to liberate electrolytes and other 
essential nutrients [65,66]. This fact has 
attracted great interest in mining enzymes from 
rumen environment for use in the industrial 
processes [67,68]. As in this study, selected 
rumen minerals increased with increased 
inclusion of treated municipal organic waste. 
These microbial actions as revealed as in the 
diets (substrate) must have enhanced the 
breakdown of complex structure, with 
electrolytes releasing potassium, sodium and 
calcium as observed in our study. Elfaki and 
Abdelatti, [69], reported ether extract of 1.55%, 
dry matter 97.41%, potassium 0.173%, sodium 
0.14%, and calcium 1.20% for normal healthy 
goats, which is similar to our study.  
 

5. CONCLUSION 
 
Microbial exogenous pre-feeding fermentation 
(municipal organic waste treated diastic 
microbes) enhances the breakdown and 
utilization of municipal waste as feed for goats 
as in this study (parameters such as potassium, 
sodium and calcium for rumen electrolytes, dry 
matter, moisture and fat content, bacteria, 
protozoa and fungi for rumen ecology and the 
total volatile fatty acids, pH, propionic acids, 
ethanol, acetic, and butyric acids for rumen 
physiology. The microbial biomass contributed 
directly and indirectly to organic matter 
degradation. The results of this study revealed 
that, municipal organic solid waste when 
treated with diastic microbes would serve as 
good feed for goat husbandry. This is because, 
there were general improvements in all 
parameters studied, when the waste was 
treated with diastic microbes. Also, further test 
studies should be conducted on the feeding 
trials on goats and other ruminants on the 
treated municipal organic solid waste with 
diastic microbes from Snails, using more 
advance state-of-the-art technology. 
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