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Abstract 
 

The study's broad objective was to assess growth performance, blood and parasitic profiles, 

wool parameters, methane emission, and nutritional status of Dohne-Merino wethers fed diets 

supplemented with varying levels of fossil shell flour. Twenty-four Dohne-Merino wethers, 

averagely weighing 20.0±1.50 kg, were divided into four groups and used in this study. The 

effects of varying inclusion levels of fossil shell flour (FSF) (0, 2, 4, and 6 %) on feed intake, 

water intake, nutrient digestibility, N-retention, hematobiochemical and parasitic profiles, body 

condition scores, feed preference, wool parameters and methane output were determined. The 

influence of FSF's varying inclusion levels on fermentation parameters, in vitro true 

digestibility, and relative feed values were also determined. 

Wethers fed with 4% FSF inclusion level diet showed the highest (P<0.05) values for dry matter 

intake, average daily weight gain, N retention, (Nitrogen retention) and apparent digestibility 

of crude protein (CP), Ether Extract (EE) and Ash 6 % (P < 0.05). The urinary N and fecal N 

were lowest in wethers fed 4% FSF inclusion level and highest in those fed on diets without 

FSF (P < 0.05). Water intake was highest in wethers fed 0% FSF diet, followed by those fed on 

4% and lowest in 6% FSF (P< 0.05). There was a significant increase in white blood cell counts 

in wethers fed on a diet with 4% and 6% FSF inclusion levels from day 10 to 100 compared to 

wethers fed on a diet with 0% and 2% FSF (P <0.05). Red blood cell counts also increased 

significantly in wethers fed on a diet containing 4% FSF, but a slight increase in wethers with 

6 % FSF diet, throughout the experimental period (P < 0.05). Blood urea was highest in wethers 

fed 0% FSF inclusion level and lowest in 6% at day 30 to day 100. Wethers on 4% FSF diet 

showed an increase in blood urea from day 30 to day 100 (P < 0.05) while wethers on 0% and 

2% remained unchanged (P<0.05) during this period and not different (P > 0.05) from wethers 

on 4% FSF as well. The total protein concentration, albumin, total bilirubin, Na, K, glucose, 

cholesterol, and liver enzymes were normal for wethers. However, serum creatinine level was 

lower in wethers fed on 4% FSF than those on 0% FSF (P < 0.01). Haemonchus and Coccidian 

fecal egg counts were low in wethers fed diets with 2%, 4%, and 6 % FSF (P < 0.01) compared 
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with wethers fed with 0% FSF inclusion level during the same period. The body condition score 

of wethers fed on diets with 2%, 4%, and 6% FSF inclusion levels were higher than those on 

0% (P < 0.05). Wool yield, staple length, the coefficient variation of the fibre diameter, and 

fibre of wethers fed on diets with FSF were higher than those without FSF (P < 0.05). The fibre 

diameter of the wethers fed on FSF supplemented diets was the same as those on 0 % FSF (P > 

0.05). The wethers spent more time on FSF supplemented diets and consumed more feed 

compared to that without FSF supplemented (P < 0.05). The levels of FSF inclusion in the diet 

affected the enteric methane output (ppm-m), where 4 % FSF had the highest enteric methane 

output while wethers on 2 % FSF had the lowest methane output (P < 0.05). Resting wethers 

produced more methane (g/day) than those feeding or standing (P < 0.05). Increasing levels of 

FSF did not affect ruminal temperature and pH. Ammonia-N increased with increasing FSF 

except in wethers fed on a diet with 4% FSF (P < 0.01). The total molar concentrations of the 

wethers' volatile fatty acids decreased with increasing FSF levels (P > 0.05). The acetic 

propionic ratio of the wethers also decreased except at a 4% inclusion level. The in vitro true 

digestibility dry matter (IVTDDM), in vitro true digestibility neutral detergent fibre 

(IVTDNDF), and in vitro true digestibility acid detergent fibre (IVTDADF) of the wethers 

decreased up to 4% FSF inclusion but tended to increase at 6% inclusion. This study's result as 

one of the pioneer studies in Dohne-Marino wethers showed that FSF treatment has the potential 

to improve the nutritional status of the animal and the animal performance and wool quality. 

Health-wise, FSF decrease nematode population and boost animal immunity as seen in RBC 

and WBC counts. It also can play a major role in protecting the environment, as seen in its 

reduction in feacal and urinary nitrogen, which is heavily involved in environmental pollution. 

Result also confirmed that the best period to target for methane mitigation in ruminants is the 

resting period. In conclusion, the inclusion of FSF in the diet of Dohne-Merino wethers has the 

potential to improve the overall performance, with a 4% FSF inclusion level having optimal 

productivity. However, future research is required to investigate FSF's effect on meat quality, 

rumen microbial community, in-vivo digestibility, and milk production. 
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Chapter 1  

General Introduction 

 

  1.1 Background 

Sheep (Ovis aries) is a versatile and adaptable species in man's company since their 

domestication in the pre-agricultural age (Meadows, 2014). Today sheep farming is practiced 

in almost all the inhabited continents of the world, being easily adaptable and instrument to 

several civilizations (Colledge et al.,2005; Skapetas and Kalaitzidou, 2017). According to FAO 

(2017), over 1.2 billion sheep in the world provide employment and food to millions of people 

both in the developed and developing nations of the world. In sub-Sahara Africa, sheep are 

found in all the 41 countries that make up this region (Chessa et al.,2009; Lv et al.,2015). 

According to Locke and O’Connor (2017), there are over 351 million sheep in this region where 

they are exploited for various uses, including food, religious ceremonies, source of income, 

means of saving and insurance, and as a matter of prestige. The sub-Sahara is characterized by 

prolonged drought due to low rainfall (Ben-Salem and Smith, 2008; Ruiz-Garcia et al.,2011). 

This brings about feed shortage, and sheep are left with the option of feeding on rejected crop 

residue and low nutritious grasses that leads to a decrease in nutrient intake (Scherf, 2000; 

Ryder,2007). 

Consequently, sheep production in the region performs below expected productivity. In South 

Africa, over 28.8 million sheep contribute notably to Livestock Gross Domestic Product 

through meat, wool, and pelt production. According to DAFF (2017), wool and meat from sheep 

contributed over R3.3b and R4.16 b respectively to the economy of South Africa. Generally, 

there are over twenty breeds of sheep in South Africa, Dohne Merino being one. The Dohne 

Merino breed accounts for 27.8% of the South African small stock genetic resource portion as 

represented by weaning weight records submitted to the National Small Stock Improvement 

Scheme (NSSIS) (Snyman, 2014; Mc Master, 2015; Naidoo., et al., 2016). Despite these 

contributions, sheep production is far below optimal productivity and unable to meet demand 

in this region.
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The global demand for livestock products will continue to increase due to an increase in the 

human population (FAO, 2012). According to FAO (2017). The world population in 2050 may 

rise to 9.8 billion from its current 7.6 billion. This will make the demand for food more 

competitive and, thus, the need for livestock products will also increase. Sheep can be an 

essential part of food security because of their ease of adaptation, low maintenance cost, and 

high fecundity. 

Moreover, a ewe can lamb about two times a year compared to a cow, which can only calve 

yearly; hence, sheep have high turnover. Sheep adapt easily due to their small frame and ability 

to utilize forbs, buds, twigs, dry leaves, fruit, and flowers of woody plants during drought, and 

they also have less water requirements (Petrovic et al., 2011). Sheep production, however, has 

its constraints. The major constraints to sheep production are diseases and gastrointestinal 

parasites (Sejian et al., 2012). Although sheep thrive under poor quality natural rangelands, 

productivity usually suffers when optimum nutrition requirements are not met. Nutrition has a 

profound influence on the ability of sheep to produce quality mutton and wool. Hoffman et al. 

(2016) reported vital increases in growth performance when sheep are fed with diets containing 

high protein levels. 

Sheep usually picks up many gastrointestinal parasites and other parasites causing diseases 

because of their feeding habits, such as grazing near the ground. This, coupled with low-quality 

feeds available in the sub-Saharan natural rangelands, results in compromised feed conversion 

efficiency and, thus, growth rate (Sejian et al., 2012). Sheep farmers usually supplement the 

feed with additives such as antibiotics to promote the more efficient conversion of feed to 

mutton and wool and growth rate. Feeds additives are products used in animal nutrition to 

improve the quality of feed and, thus, performance and health (Frater, 2014). In the last few 

decades, there has been a general reduction in the burden of sheep's diseases (Sejian et al., 

2012). This is because of t h e  availability and effectiveness of drugs and vaccines and 

improvement in diagnostics that lead to antibiotics used in animal nutrition.
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This antibiotic improves the quality of food from animal origin and improves the animals’ 

performance and health (Frater, 2014). Chemical-based feed additives for sheep are efficient in 

stimulating feed digestion and consequently increasing sheep performances. However, 

chemical-based additives have resulted in antibiotic resistance and the spread of resistant 

bacteria to other animals and human beings (Chang et al., 2015). This has brought about recent 

concern by consumers of the risk of consuming mutton and milk of sheep fed on diets with these 

additives. Sequel to this, many developed nations have promulgated laws that prohibit the use 

of such chemicals-based additives in farm animal production (Lance, 2016). There is, therefore, 

the need to replace antibiotics with natural promoters such as probiotics, prebiotics, feed 

enzymes, organic acids, and herbal extracts. Such restriction will promote healthy meat and still 

achieve optimum mutton, milk, and wool production. One of such additives can be fossil shell 

flour. 

Fossil shell flour is a fossilized deposit of microscopic shell created by simple one-celled plants 

called diatoms. According to Dolatabadi et al. (2011), fossil shell flour is a geological deposit 

made up of the fossilized skeletons of diatoms, which are unicellular algae that live in ponds, 

streams, lakes, and seas and contains 14 trace minerals including Copper, Zinc, Magnesium, 

Sodium, Calcium, Sulphur, and aluminum (Eldernawi et al., 2014). These trace elements can 

be of importance to sheep performance (Martin, 2013). Previous studies have shown that fossil 

shell flour reduces fecal egg counts (FEC) in grazing sheep and cattle (Bernard et al., 2009a). It 

contains a large amount of silicon and is beneficial for human consumption (Koster, 2013). 

Traces of fossil shell flour in mutton from sheep fed with a diet supplemented with fossil shell 

flour will not pose a health hazard to human beings (Ikusika et al., 2019). Fossil shell flour is 

rich in minerals that are not excessively available in today’s feed crops, and it may bind to toxic 

metals such as Lead and Mercury build-up and help rid it from the sheep body (Adebiyi et al., 

2009). The health improvements observed in sheep-fed diets supplemented with fossil shell 

flour appear to be due to three primary actions of fossil shell flour, which include eliminating 

parasites, reducing physiological stress, and increasing assimilation of nutrients from feed 
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(McLean et al., 2005; Koster, 2013). Fossil shell flour has antimicrobial properties, enabling it 

to function similarly to sheep production antibiotics (Eldernawi et al., 2014). 

Natural feed additives such as fossil shell flour in livestock production are of global interest 

compared to inorganic feed additives. However, a paucity of works has been conducted on the 

use of fossil shell flour in animal performance. Some of these include assessing the effects of 

fossil shell flour on the growth performance of cockerel by Adebiyi et al. (2009) and the effect 

of fossil shell flour on growth performance and broiler meat's carcass characteristics Adeyemo 

(, 2013). Also, the effect of Fossil shell flour on West African dwarf sheep's growth performance 

by Emeruwa (2016). However, these cannot be substantially used to delineate FSF's effects in 

a dual-purpose breed of sheep such as Dohne Merino that are found in different climatic regions. 

Therefore, it is essential to understand the possible effect of FSF on the growth performance of 

Dohne-Merino sheep found in the semi-arid and arid regions. Moreso, it is important to consider 

FSF's effect on wool parameters, feed preferences, rumen fermentation parameters, methane 

output, and other studies carried out in this research, which to the best of my knowledge is the 

first of its kind when taken holistically. Besides, this study determined the optimal level of FSF 

inclusion that can successfully replace inorganic feed additives in sheep's diets for optimal 

productivity. 

1.2   Justification 

The use of feed additives in animal feeds to enhance the absorption of nutrients and affect 

sheep's growth has been in operation for the last four decades (Thornton, 2010). The study will 

shed light on the efficient utilization of affordable feeds by adding fossil shell flour to sheep 

diets. This study's outcomes are useful to both the commercial and smallholder farmers to 

improve their sheep's growth performance and health status. Improvement could be to promote 

feed intake by adding fossil shell flour as a feed supplement and facilitating the growth of 

Dohne-Merino sheep to reach market weight earlier than expected, thereby increasing the 

farmers’ profit. Enlightening on the effects of FSF on wool quality will help farmers to boost 

their productivity. Findings from the current study will be advantageous to sheep farmers 
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because market weight, mutton, and wool quality are commercial value and profit made by 

farmers. The study will find a replacement for chemical-based feed additives (and its 

challenges), bring about efficient feed utilization, and improve production performance through 

fossil shell flour. This study's findings will shed light on the cost-effectiveness of production 

through disease management, better market weight, and improved meat quality of the sheep 

industry in South Africa through higher income generation. There is hopeful optimism that 

mutton and milk will be free from hazardous residue emanating from the use of antibiotics as 

feed additives, thereby improving the consumers' quality of life. 

1.3.  Aim and objective 

 

This study's broad aim is to assess the growth performance, nutritional status, wool parameters, 

methane emission, blood and parasitic profiles of Dohne-Merino sheep fed with a diet 

supplemented with varying levels of fossil shell flour. 

                       To achieve this aim, the following specific objectives were set to: 

 
1. Investigate the effect of varying inclusion levels of fossil shell flour on 

growth performance, water intake, digestibility, and N retention in Dohne-

merino wethers. 

2. Determine the hematobiochemical and parasitic profiles of Dohne merino 

wethers fed with a diet supplemented with varying amounts of Fossil shell 

flour. 

3. Assess the influence of fossil shell flour supplementation on wool parameters, 

feed preference, and body condition scores of Dohne-merino wethers. 
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4. Examine the effect of dietary supplementation with fossil shell flour on 

enteric methane output and position-dependent variations in Dohne-merino 

wethers. 

5. Evaluate the effect of dietary Fossil shell flour supplementation on Dohne-

merino wethers rumen fermentation parameters, in vitro true digestibility, and 

relative feed values. 

1.4   Hypotheses 

 

      The hypotheses tested were that: 

 
1. Varying inclusion levels of FSF positively affect the growth performance, water intake, 

digestibility, and N retention of Dohne-merino wethers. 

2. Varying amount of Fossil shell flour in the diets improve the hematobiochemical and parasitic 

profile of Dohne merino wethers 

3. Influence of Fossil shell flour supplementation improves wool parameters, feed preference, and 

body condition scores of Dohne-merino wethers. 

4. Dietary supplementation with Fossil shell flour determines the enteric methane output and 

position-dependent variations in Dohne-merino wethers. 

5. Dietary Fossil shell flour supplementation on Dohne-merino wethers basal diet improves rumen 

fermentation parameters, in vitro true digestibility, and relative feed values. 
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 Chapter 2   

LITERATURE REVIEW 

 

Papers that emanated from this literature review are: 

1. Fossil shell flour in livestock production-A review (Published in Animals (2019), 

9 (70): 1-20) 

2. Prospect of Dohne-Merino for food security-A review (Under review in Journal of 

Applied Animal Research). 

 2.1 Introduction 

Sheep have spread and established themselves too far-reaching geographical regions due to their 

adaptability to relatively poor- nutrients diets, tolerance to extreme climate conditions, and also 

the small body frame for better management (Kijas and Townley 2009). Sheep are adapted due 

to their small frame and ability to utilize forbs, buds, twigs, dry leaves, fruit, and flowers of 

woody plants during drought, and they also have fewer water requirements (Geoffrey and 

Hinch, 2017). In addition, sheep have low feed and area requirements, a higher reproductive 

rate, and are small enough to be consumed by an average rural family in a day or two; hence no 

refrigeration facilities are needed (Tibbo 2006). Sheep produce meat, milk, fiber, and hides, 

while feacal pellets from sheep generate economic relevance due to their use in organic farming. 

More than 60 % of the area is prone to drought and famine in the arid and semi-arid regions. 

Rearing of sheep in such regions contribute towards risk reduction and adaptation in climate 

change (Shinde and Sejian 2013). However, sheep production has its constraints, including 

diseases and gastrointestinal parasites (Sejian et al.,2012; Begg et al., 2017). Although sheep 

thrive under poor quality natural rangelands, productivity usually suffers when optimum 

nutrition requirements are not met. 

Nutrition profoundly influences sheep's ability to produce quality mutton and wool (Xu et al., 

2017). Hoffman et al. (2016) reported vital increases in growth performance when sheep are 

fed diets with high protein levels. Sheep picks up many gastrointestinal parasites and other 
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diseases causing parasites because of their feeding habits, such as grazing near the ground. As 

a result, farmers use diets supplemented with feed additives to promote efficiency. Antibiotic 

feed additives are some of the commonly used. Still, these chemical-based additives are 

expensive and leave residue on animal products, which have been established to have health 

implications on consumers (Zhang et al.,2015). Besides, the continuous use of antibiotics has 

caused the spread of antibiotic-resistant bacteria to animals and humans. Therefore, there is a 

need to replace antibiotics with naturally- occurring feed additives such as prebiotics, 

probiotics, feed enzymes, herbal extracts, and organic acids to have healthier meat and still 

achieve optimum production (Ruiz- Garcia and Lunadei, 2011). One of such alternatives is 

fossil shell flour (FSF). 

Fossil shell flour (FSF), or diatomaceous earth, has numerous uses, including purification of 

water, performance enhancer in livestock, mycotoxin binder, and in stored grain pest control. It 

can also be used as a dietary supplement for animals and other agricultural applications (Bennett 

et al., 2011; Koster, 2013), thus contributing to livestock production and, consequently, food 

security and safety. According to Dolatabadi (2011), diatomaceous earth consists of 

geologically-deposited fossilized skeletal remains of siliceous marine organisms and freshwater 

unicellular species, particularly algae and other diatoms. Diatoms can be described as a minute, 

single-celled water organisms. These minute organisms are confined by a glassy crust. This 

crust is formed from the silicon dioxide in its source water. Diatomaceous earth is differentiated 

into two types based on the source. One originates from the sea and the other from freshwater 

such as lakes. Diatomaceous earth from freshwater is preferred because it is richer in silicon 

dioxide. The diatomaceous earth (food grade) usage in livestock must be crushed until a fine 

flour is formed to enable a large surface area for absorption. The outcome is referred to as 

amorphous silica or fossil shell flour. When viewed with a powerful scientific microscope, the 

miniature sharp edges can be seen, but it physically feels like chalk dust. 

Many of these fossilized sedimentary layers have been in existence for a minimum of twenty 

million years in the Eocene and Miocene epochs lakes and seas (Bakr et al., 2010). The physical 
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and chemical properties of fossil shell flour enable it to play a vital role in livestock production. 

Previous authors (Aw et al., 2013) have stated that diatoms' surfaces possess many porous 

nanostructure silica cell walls or frustules, enlarging its surface area and enabling it to be used 

as a substance carrier. It has been acknowledged as an animal's natural health and sustenance 

product (Weaver et al., 2013). It is a fine and pale color silica dust that can absorb liquids with 

a definite abrasive characteristic obtained after quarrying, crushing, and milling (Korunic 1998; 

Eldernawi et al., 2014). Due to its abrasive property, FSF has been effective when used as vector 

and gastrointestinal parasite control in ruminants and poultry (Hussain and Usmani 2006; 

Bernard et al., 2009a; Miller et al.,2013). This review discusses the overview of sheep 

production, Dohne-Merino breed, fossil shell flour, its composition, availability, it’s potential 

in performance, health status, wool parameters, and nutritional status of livestock production. 

2.2.   Sheep production: Industry overview 

Sheep (Ovis aries) are believed to have been among the first animals to be domesticated. It 

played a major role in food and material production in the human community and has spread 

globally, following human movements (Colledge et al.,2005; Chessa et al., 2009). Table 1 

shows some sheep's breeds, their main purpose, and where they are found in the world. Sheep 

domestication started probably during the hunting era before the settled agricultural age. Most 

of the present-day sheep emanated from Western Asia, from where it is believed that 

domestication of sheep began. Some of the original breeds are Bighorn, the Argali, the Urial, 

which is found in Asia, and Mouflon in Europe (Ryder 2007; Lv et al., 2015). Urial, which 

presently is in central Asia, Iran, and China, is believed to be the ancestor of the majority of 

today’s domestic sheep. (Scherf, 2000; Lv et al., 2015). Also, the wool sheep found in Africa 

and Asia are believed to be descendants of the Urial breed. Pieces of information from 

archaeology and molecular biology showed that the domestication of sheep commenced in the 

Fertile Crescent region spanning between Central Anatolia to the north of Zagros mountains 

(Tapio et al., 2006; Zeder 2008). The Food and Agriculture Organization–Domestic Animal 

Diversity (FAO 2017) database showed that, out of 1311 breeds of sheep worldwide, 758 are 
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found in Europe and Caucasus, followed by Asia and Africa with 318 and 122 breeds, 

respectively. Asia has nearly half of the world sheep population of about 1.2bilion with a high 

percentage of them in China, India, and Iran. 

In Africa, sheep are generally classified morphologically into four types: thin-tailed with hair, 

thin-tailed with wool, fat-tailed, and fat-rumpled (Epstein 1971; Soma et al., 2012). In Africa, 

there are 122 recognized breeds of sheep as of the year 2000 (Taberlet et al. 2008). 

Archaeological records reported that sheep's migration to the southern part of Africa was about 

2000 years ago (Plug and Badenhorst 2001). 

2.3.   The Dohne-Merino Sheep 

 Dohne Merino is a synthetic dual-purpose (wool and meat) South African sheep developed in 

1939 locally by the South African Department of Agriculture. The breed is a cross between 

South African merino ewes and German Mutton Merino rams (Casey and Wilson 2016). The 

limitation to merino sheep farming of that period was low fertility, high mortality, susceptibility 

to fleece rot, and blowfly strike as a result of the excessive skin fold. Also, the grazing habits 

of merino are of intensive management that leads to high input cost, which compromised farm 

profitability. Dohne Merino, a hardy and adaptable breed, was developed to meet the quest for 

a more versatile and more significant income generation through mutton and high fecundity 

breed (Swanepoel 2006; Van Wyk 2011). Originally, it was bred for semi-intensive farming in 

the Eastern Cape grassland regions, but the Dohne Merino's capability to succeed under various 

conditions resulted in the breed's fame and expansion to other provinces in South Africa and 

beyond (Cloete et al., 1998; Van Wyk et al., 2008; Van Wyk 2011). The Dohne-Merino is one 

of the leading woolled sheep breeds in South Africa. Along with its country of origin, Dohne-

Merino has also been exported to other major sheep producing countries such as Australia, New 

Zealand, Peru, Uruguay, Argentina, China, and Russia. 
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                                    Table 2 1: Some breeds of sheep, their main purpose and location in the world. 

 
 

Type of breed Function/purpose Location References 

Merino Wool Originated in Spain. Have spread 

to Australia, New Zealand, 

China, South Africa 

(Cloete et al., 

2014) 

Dorper Meat South Africa (Snyman 2014) 

Karakul Meat Central Asia, Turkey (Snyman 2014) 

Red Maasai Meat East Africa, especially Kenya, 

Uganda, and Tanzania. 

(Synman et 

al., 2014) 

Barbados black belly Meat Caribbean region, in Peru and in 

Mexico 

(USEPA 2009) 

East Friesian Milk and meat Germany, Holland, New 

Zealand, Sweden 

(David et al., 

2017) 

Fat‐tailed Awassi Milk and meat South-west Asia, Iraq, Syria, 

Jordan, Israel, Lebanon 

(David et al., 

2017) 

Assaf breed Milk and meat Israel (David et al., 2017) 

Chios breed Milk and meat Greece (David et al., 

2017). 

Soviet Merino Fine wool Russia, Siberia (Deniskova et al., 

2018) 

Poll Dorset Meat Australia (Begg et al., 2017) 

Suffolk Meat The United Kingdom is Origin. 

Presence notable in all European 

countries and beyond. 

(Villagra-Blanco 

et al., 2015) 

Texel Meat Originating in the Netherlands 

but are also popular in Australia, 

Europe, New Zealand, United 

States, and Uruguay. 

(Carneiro et al., 

2010) 

Hampshire Meat England and many parts of 

Europe 

(Carneiro et al.., 

2010) 

Corriedale wool and meat Originated from New Zealand 

but are found in Australia, South 

America. 

(Carneiro et al., 

2010) 

South African Mutton 

Merino (German 

Merino) 

Wool and meat South Africa (Cloetete et al., 

2014) 

Dohne Merino meat and wool South Africa, Australia, New (Naidoo et al., 
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  Zealand, South America. 2016) 

Turkidale Wool and meat Tuki Tuki in New Zealand and 

Australia 

(Jawasreh et al., 

2018) 

Superfine wool Wool Higher rainfall area of Australia 

(Northern, central and southern 

Tableland of New South Wales, 

parts of Victoria and most of 

Tasmania) 

(Jawasreh et al., 

2018) 

Dormer Meat South Africa (Chulayo and 

Muchenje 2013) 

Black-headed Persian Meat and leather South Africa, Somalia, Saudi 

Arabia. 

(Chulayo and 

Muchenje 2013) 

West Africa Dwarf Meat West and Central Africa (Senegal 

to Chand, Gabon, Nigeria, 

Cameroon, and the Republic of 

the Congo 

(Jiwuba et al., 

2017) 

Criollo Meat Central America (Ocampo et al., 

2017) 

Tefrom wool and meat New Zealand (Díaz et al., 2015) 

Waziri wool and meat Waziristan area and Bannu 

district in NWF Province in 

Pakistan. 

(Ahmed et al., 

2017) 

 
Van Rooy 

 
Meat and good 

leather. 

 
South Africa, especially in 

Bushveld part of Gauteng 

Province 

 
(Molotsi et al., 

2017) 

Polwarth wool and meat Originated from Australia but 

they are found in New Zealand 

and South America 

(Salehian et al., 

2015) 

Nilgiri Wool Nilgiri district of Tamil Nadu 

State in India 

(Saxena et al., 

2015) 
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The Dohne Merino sheep are mainly white in color, with rams and ewes usually polled. The 

lambs grow relatively faster and reach around 25 to 35 kg live weight within their 100 days of 

age. The average live body weight of the mature Dohne Merino ewes is between 50 and 65 kg, 

while the mature ram's average live weight varies from 80 to 100 kg (Cloete and Cloete 2014). 

This breed's fleece production is between 3.5 and 5 kg per year (Mvinjelwa et al., 2014), while 

their wool has an average fiber diameter of 17 to 21 microns. The plain bodied, open-faced, and 

breech-free outlook of Dohne-merino (DM) improves reproduction efficiency and reduces 

flystrike/glass seed issues. This also makes it to attract powerful welfare and animal activist 

lobbyists who intend to undermine and control livestock production globally. 

Dohne-merino has developed a unique combination of adaptive traits that best respond to 

pressures to the local environment (Peters et al., 2010). This includes disease tolerance, 

fluctuation in nutrient availability and quality, extreme and harsh climate conditions, and ability 

to survive and reproduce for a long time, sometimes with poor quality feed (Nsoso et al., 2004; 

Sejian et al., 2010). Lean (2016) observed that, under high, medium, or low rainfall 

environments, DM is more productive in weaning weight, fecundity, higher survival rate, and 

profitability than fine wool merinos and a crossbreed prime lamb enterprise. Therefore, farming 

with livestock such as Dohne Merino sheep that is robust and adaptable to harsh environments 

is important in developing countries, especially in semi-arid and arid environments. 

2.4.   Fossil shell flour (FSF) 

Fossil shell flour (FSF), also known as Diatomaceous earth, or diatomite, consists of amorphous 

silicates with important physical and chemical characteristics. These include porosity and 

permeability, low density and thermal conductivity, tiny particle size, high surface area, 

solubility, hydrophobia, and absorption capabilities, which are molecular filter actors, 

substituting their integral cations without physical changes. The substance is non-toxic, cheap, 

and readily available in large quantities in many countries. Recently, FSF has been modified as 

additives for several uses. Recent studies have supported its use as an animal growth promoter, 

vaccine adjuvant in livestock, water purifier, mycotoxin binder, inert dust applications in stored-
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pest management, pesticide, animal feed additive, as a natural source of silicon in livestock and 

as a natural anthelmintic. The advantages of FSF include its low-cost and availability, nontoxic 

characteristics, and the fact that food grade diatomaceous earth is safe for human consumption. 

           2.4.1 Availability and Accessibility 

Fossil shell flour has been known for decades, and several countries are actively involved in the 

mining, milling, and transformation of this compound. The world production of diatomite in 

1981 was 1.5 million tons, and half of which was said to come from North America (Crangle, 

2010). Table 2.2 shows the major world producers of diatomite, and the estimated annual 

quantity produced. The resources of crude diatomite all over the world are sufficient for the 

anticipatable future with currents percentage applications in absorbents (9%), fillers (14 %), 

cement (21%), filter aids (55%), other uses (1%) including specific pharmaceutical, biomedical, 

and agriculture uses. 

2.4.2.   Physical and Chemical Characteristics of FSF  

Fossil shell flour (FSF) is fine, soft, lightweight, pale coloured, biogenetic sources, and 

comprised mainly of amorphous silicon (SiO2NH2O), derived from the skeletons of diatoms. It 

is abundantly available on the planet earth. It has distinctive physical properties, such as porosity 

(35–65%), permeability (0.1–10 MD), low density and thermal conductivity, tiny particle size 

(Al-Ghouti et al., 2005), and large surface area (Akin et al., 2000). The characteristics of the 

surface of diatomites, such as acidity, solubility, hydrophobicity, ion exchange, and absorption 

functionalities, are primarily controlled by the presence of water. This is partly and 

morphologically connected with the diatomaceous earth's crystal structure, thereby resulting in 

active hydroxyl groups (Yuan et al., 2010). Its unique porosity (typically 10–200 μm), minute 

particle size, extensive surface area, high permeability, poor thermal conducting properties, and 

chemical inertness make it of great interest among naturally- occurring materials (Gao et al., 

2005; Pookmanee et al., 2008). 

 

Table 2 2: World diatomaceous earth production (in thousand metric tons)                   
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Country 2014 2015 2016 2017 

USA 901 925 850 700 

Argentina 100 55 200 200 

China 420 420 420 420 

Czech Republic 49 50 450 450 

Denmark 95 95 440 440 

France 75 75 75 75 

Japan 90 100 100 100 

Mexico 88 80 80 90 

Peru 125 125 150 120 

Russia 70 70 70 70 

Spain 36 36 50 50 

Turkey 85 90 60 60 

Other countries 122 170 120 120 

 

                                                                         Sources: Crangle (2010); USAEPA (2016) 

                                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.3 shows the elemental composition of natural FSF, and Table 2.4 (Angela et al., 2012) 
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compares the chemical composition of fossil shell flour from various locations. Kilpinen and 

Steenberg (2009) reported that FSF from different sources differs in therapeutic strength against 

parasites, especially in poultry. 

Natural fossil shell flour can be changed by treating it with hydrochloric acid to purify the silica 

surface. This helps to significantly mitigate the input of detrimental calcium, iron, aluminum, 

magnesium, and alkaline rudiments while dissolving little of the silica (Goren et al., 2002; 

Pookmanee et al., 2008; Bello et al., 2014). Table 2.5 shows the chemical characteristics of 

modified and natural FSF, obtained through X-ray fluorescence spectrometer. The composition 

reveals that silicon dioxide (SiO2) is the principal constituent while small amounts of iron oxide 

(Fe2O3) and aluminum oxide (Al2O3) are also present (Pookmanee et al., 2010; Bello et al., 

2014). After modification, fossil shell flour can remove substances such as Lead (Pb2+), Copper 

(Cu2+), and other heavy metals optimally (Belloet al., 2014). Due to its absorptive characteristic, 

Magnesium oxide is one of the elements used in diatomite modification, which is achieved by 

treatment with sodium hydroxide and manganese chloride (Crangle 2010). 

2.4.3 Fossil shell flour as a Feed additive 

Diatomaceous earth can be a perfect animal feed additive for all livestock, with many benefits 

from preserving feed quality to improving livestock health and performance through better 

digestibility, acceptability, and overall bioavailability Koster, 2013). Diatomaceous earth will 

also provide cost-benefit advantages by improving mixing properties and increasing the bulk 

density of some ingredients. Fossil shell flour functions as a natural preservative for the feed, 

absorbing the moisture that may cause fungus, mold, or rot (Bennett et al., 2011). In addition, 

due to its moisture reduction capacity, it reduces clumping and prevents caking of the feed. This 

helps preserve feed without the need for chemicals, making it more acceptable to the animals 

during feeding and increasing processing and delivery efficiency (Korunic, 1998; Lakkawar et 

al., 2016).
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Table 2.3: Composition of natural diatomite 

Chemical (% Weight)  Diatomite content 

SiO2 82.16 

Al2O2 4.89 

FeO2 1.46 

CaO 1.23 

MgO 0.89 

MnO2 0.52 

KiO 0.54 

NaO 0.43 

TiO2 0.19 

P2O5 0.12 

Loss of Ignition 7.55 

Sources: Adebiyi et al., (2009); Pirsaraei et al., (2015) 
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Table 2 4: Chemical composition of different sources of diatomite (%) 

Country/Sample SiO2 Al2O3 Fe2O3 TiO2 Na2O KO2 CaO MgO  L. Others 

China 82.95 5.75 1.41 0.69 0.06 0.06 0.24 0.21 7.95 

Turkey 76.5 7.25 3.85 0.5 0.45 0.85 - - 0.43 

Egypt 83.6 2.24 1.07 0.17- - 0.53_ 6.17 _ 4.86 

Algeria 72.1 5.3 3.8 0.37 0.65 0.54 7.2 2.6 7.44 

Jordan 7.25 11.42 5.81 _ 7.21 0.69 1.48 0.25 0.66 

Mexico 70.38 13.52 3.37 _ 0.17 0.3 0.66 0.42 11.18 

Guangdong Chin 90.1 _ 0.3 0.4 _ _ 0.5 0.2 8.5 

Shengzhon, China 65 17.50 4.8 _ 0.5 _ 1.1 _ 11.1 

Morocco 62.8 9.7 11.4 _ 7.3 _ _ _ 8.8 

China 72 7.3 4.3 _ 1.8 1.2 10 1 2.4 

Suizhon, China 71.35 13.26 5.5 0.08 6.7 0.11 1.94 0.15 0.91 

Caldiran, Lake Van Basin, Turkey 69.7 11.5 0.65 0.65 0.08 1.4 _ _ 15.3 

United States 79.55 8.18 2.62 0.70 0.25 1.30 1.31 _ 3.8 

Kenya 84.5 3.06 1.86 0.17 1.80 0.39 1.19 0.91 6.08 

Spain 88.60 0.62 0.20 0.05 3.0 0.81 0.50 0.39 5.20 

Russia 79.92 6.58 3.56 0.48 1.43 0.98 0.65 0.72 4.91 

Canada 89.7 3.7 1.09 0.10 0.30 0.55 0.31 0.41 3.70 

Japan 86.0 5.8 1.6 0.22 0.07 0.29 0.48 0.53 4.4 

Nevada 86.0 5.27 2.12 0.21 0.34 0.39 0.24 0.29 4.90 

Shenzhou, China 89.6 2.5 1.8 _ 1.5 _ 1 _ 4.5 

 

 Sources: Barakat (2011); Caliskan et al., (2011); Sheng et al., (2011); Koyuncu (2012); Safa et al., (201
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Table 2 5: Chemical composition of natural & modified diatomite (%) 

Compound Natural Diatomite Modified Diatomite 

SiO 63.31 56.79 

Al2O3 13.42 12.15 

Fe2O3 12.58 10.11 

Na2O 0.74 2.37 

CaO 0.49 0.08 

Cl <0.019 9.12 

Loss on Ignition 6.54 6.73 

 

Sources: Pookmanee et al., (2010); Bello et al., (2014) 
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Diatomaceous earth also helps to increase stock health, feed conversion, and, ultimately, its 

performance. It is known to reduce internal and external parasites, especially worms. Also. Its 

residual mineral content may also give an animal a shinier coat. Therefore, using fossil shell 

flour as an animal feed additive will increase return on investment by keeping the animal 

healthier, improving their feed conversion rates, and ensuring the feed quality is maintained. 

2.4.4. Fossil Shell Flour Can Be a Replacement of Antibiotic in Animal Feed 

Fossil shell flour might be able to replace antibiotics as a growth promoter (Bennett et al., 2011; 

Martel-Kennes et al., 2016; Sarijit et al., 2016), as a gastrointestinal nematodes eradicator 

(Ahmed et al., 2013; Baltran and Martins 2015) and as an eliminator of dangerous bacteria in 

the body system of an animal (Chen et al., 2016; Zhang et al., 2016). Most of the chemical 

constituents of FSF have a strong negative charge. Just like a magnet, the negatively charged 

elements of FSF attract all positive bodies that are sufficiently tiny to pass through the porous 

openings of FSF. These strong charges can attract many oppositely charged substances, whether 

the element, bacteria, or viruses. Therefore, when animals consume FSF, it has the potential to 

remove dangerous substances (positively charged) from the body system as it flows through the 

gastrointestinal tract.  

When diatomite is added to the feed of animals, Gram-positive bacteria, which are normally 

targeted in ruminant animals through antimicrobial feed additives, may also bind to the 

negatively charged shells. This could promote FSF as an efficient replacement for antimicrobial 

and antibiotic products (James et al., 2011). Zhang et al. (2016) evaluated the impact that 

diatomite (2 % concentration) has on the adsorption of Escherichia coli (ATCC 25922). They 

reported that the highest adsorption capability of 10.99 mg g−1 was realized within 26 h with a 

solution of 12 mg L−1 As (III) at pH 4. Another study carried out previously (Chen and Liu 

2016) on the adsorption ability of diatomite also demonstrated the superior capacity of diatomite 

to neutralize bacteria, comprising Gram-positive Staphylococcus aureus and Gram-negative E. 
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coli. 

2.5.   Potentials of Fossil Shell Flour 

            2.5.1 Potential of Fossil Shell Flour in Feed Storage and Preference 

 

Over one-third of the total annual grains produced globally are lost due to pests during storage 

(Singh et al., 2009). In sub-Saharan Africa, farmers suffer significant losses to their products as 

a result of insect damage. These losses undermine their livelihood, food security, reduction in 

market returns, and an indirect effect on animals' feeding (Stathers et al., 2008). This loss often 

increases the cost of production in livestock industries due to an increase in the cost of feeds. 

Different traditional strategies have been adopted to prevent these losses, including mixing grain 

with ashes or plant materials and the use of synthetic chemicals (insecticides). Residual 

synthetic chemicals are the most frequently used protectants against stored-product pests in 

stored grain. They are often applied directly to the product and protect against stored-grain pests 

as long as these insecticides' effect remains (Arthur 1999).  

Nevertheless, current frequently used protectants possess numerous disadvantages because of 

their toxicity to mammals and the fact that they leave deposits in the product; many species of 

insects are resilient to some current protectants (Arthur 1999). These shortcomings have made 

researchers assess different control methods such as insect growth regulators, botanicals, 

biological control, microbial control, and inert dust. Fossil shell flour (FSF) is the most 

promising alternative that can replace insecticides. This is because the absorption of epicuticle 

lipids and fatty acids by FSF results in arthropods' dehydration. Fossil shell flour comes into 

direct contact with the insect bodies and absorbs the waxy cuticle of the outer layer, after which 

the insect loses water and dies (Ebeling 1971; Sabbour et al., 2012; Sabbour et al., 2014). Fossil 

shell flour needs no specialized kit or techniques for application on grains but simply spreading 

it. Shah and Khan (2014) reported that FSF is tenacious in its mode of operation, poses little or 

no pest resistance problems, and leaves no residue. Still, its efficacy depends on the influences 

of temperature, provenance, humidity, and particular pests and substratum individuality. 

Sabbour et al. (2014) reported that calcium hydroxide modified diatomite (Ca-DE) and those 
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modified with sodium hydroxide (Na-DE) were the most effective antidote against insects. Ca-

DE yielded better results and accomplished the highest mortality percentages recorded as 88% 

and 96 % for 1.0 FSF treatments against R. dominica and B. incarnatus, respectively. 

The lowest mortality rate was recorded for Al-DE at a concentration of 0.5% and achieved 21 

and 15% mortality for R. dominica and B. incarnatus, respectively. In a similar study conducted 

by the same researchers on FSF in pest management in stored-grain, they reported that the 

reproduction rate of tested insects was significantly reduced by FSF and modified FSF.  Egg 

production by the tested insect was reduced considerably by modified-FSF under stored 

conditions. The average quantity of eggs laid and the percentage of adult emergence (F1) of 

each tested insect were appreciably affected by both natural FSF and modified-FSF in 

comparison to the control. The same authors found that Nano-FSF strongly reduced the number 

of eggs laid for T. confusum but reduced to a lesser extent for T. castaneum (3.8 ± 1.5, 17.8 ± 

7.5, 26.6 ± 3.5 eggs/female and (13.8 ± 1.5, 37.8 ± 7.5, 46.6 ±3.5 eggs/female) after 20, 90, 

and 120 days of storage interval respectively. 

The constant effect of nanoparticles showed numerous unusual modes of action such as falling 

oviposition, immature emergence (F1), and influx percentages of hardened insects. It can be 

concluded that FSF-nanoparticles and natural   FSF can be a   good alternative in pest 

management programs for T. confusum and T. castaneum. Badii et al. (2014), in their studies 

on the prevention of C. maculates infestation in stored Kersting’s groundnut, reported that 

mortality of adults C. maculates increased gradually with the increased quantity of FSF and the 

contact period. Grains treated at 2.00 or 1.50 g kg−1 documented considerably fewer eggs and 

a lower rate of F1 emergence than dosages with lower quantity. An increase in FSF 

concentration continuously decreased produce weight due to low beetle numbers; however, a 

significant difference in seed viability was not recorded. FSF was more efficient at 50 % relative 

humidity than at 80 % relative humidity. 

FSF's potential can be explored by communal farmers, animal feed mill operators, and 

commercial farmers to preserve grains for their animals during surplus to the time of scarcity. 
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This is because it is cheap, non-toxic, readily available, and requires no equipment for 

administration. FSF likewise has broad uses as an anticaking agent in the storage of grain and 

feed mixing. This enables better flowability, mixing and handling, and prevention of particles 

from clumping together. According to Bennett et al. (2011), food-grade fossil shell flour placed 

in livestock feed may help discourage the growth of fleas and other dangerous organisms. 

 Also, Forde (2016) reported that factors such as flavor, the physical outlook of the feeds, taste, 

and particle size of the diets influenced feed preference by sheep. Sheep requires 25 to 40 ounces 

per head per day of NaCl and will eat less feed when deprived of NaCl (Digby et al., 2011). 

Likewise, it has been observed that minerals such as Na, Ca, K, and Mg increase the palatability 

of diets (Desimone et al., 2013; Garmyn et al., 2011). Slamova et al. (2011) reported that FSF, 

Zeolite, bentonite, and some dietary clays are rich in minerals that could increase livestock diets' 

palatability. 

            2.5.2. Potential of Fossil Shell Flour as Animal Performance Enhancer and Digestibility 

 
Growth promoters and enhancers are materials that facilitate farm animals' growth, particularly 

swine, poultry, and livestock, for better market value. The market for animal growth promoters 

and enhancers is large and growing. The most widely used group of growth promoters in animal 

feed is antibiotics (Li et al., 2013). Other growth promoters include probiotics, prebiotics, 

essential oils, antibodies, bacteriophages, antimicrobials, innate defense molecules, immune 

enhancers, and combinations thereof (El-Tawab et al., 2016).  The development of new growth 

enhancers, particularly those that can be made cost-effectively, is important. In line with this, 

El-Tawab et al. (2016) and Sarijit et al. (2016) conducted a study using spent filter media 

containing ~35% moisture, 32 % diatomaceous earth, 22 % organic carbon, and 11% activated 

carbon, and reported that although their results were not definitive, spent filter media improved 

daily feed intake, weight gain, and efficiency. 

It is believed that the use of spent filter media may advantageously increase the growth of the 

animals daily compared to identical amounts of conventional animal feed compositions, 

although this result is believed to be affected by other conditions (Schingoethe et al., 2009; and 
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Sarijit et al., 2016). In addition, El-Tawab et al. (2016) and Sarijit et al. (2016) also noted that 

these animal feed compositions did not adversely affect the animals' lean mass percentage and 

did not appear to exhibit any harmful effects to the growth or the health of the animals. Likewise, 

Adebiyi et al. (2009) reported a substantial improvement in average weight gain, feed 

conversion efficiency, and bone development of cockerel fed 6 % fossil shell flour inclusion 

level as feed additives the 16 weeks of the trials. This could be because FSF's addition increases 

the average daily feed intake by increasing the palatability of the feed, thereby making more 

nutrients available at the tissue level for growth and weight gain. Similarly, fossil shell flour 

significantly improved intake of feed (7.44 %), body weight gain (9.51%), and the improved 

ratio of feed conversion (2.08%), as well as the productive efficiency index (5.48%) in cockerel 

exposed to aflatoxin B1 (Adebiyi et al., 2009). Fossil shell flour also improved serum albumin 

(2.26 %) and the action of serum LDH (44.4 %) in a previous study (Modirsanei et al., 2008). 

Modirsane et al. (2016) supplemented the feed of 252 piglets with silicon dioxide (a major 

component (79%) of FSF) and found improved feed intake by 4.13% and an improved mean 

daily gain by 3.26 % during the early general period, compared to groups not given silicon 

dioxide. FSF's addition led to an increment of 2.2 % in the piglets’ weight at the expiration of 

the post-weaning phase (24.52 kg vs. 23.99 kg). It concluded that the addition of 0.02 % 

crystalline silicon dioxide (fossil shell flour) to piglet feed increased daily feed intake, growth 

rate, and piglet weight. Therefore, it is clear that FSF could offer a prospective financial gain to 

livestock farmers. 

           2.5.3. Potential of Fossil Shell Flour as Water Purifier for Livestock Usage 

 

The provision of poor-quality drinking water for livestock in semi-arid and arid regions for 

several months of the year is ubiquitous (NRC 2007; Garcia et al., 2010). These supplies 

originate from streams, canals, small wells, or boreholes used for irrigation (Schlink et al., 

2010). This water is often high in salt and toxic elements such as lead, copper, selenium, 

mercury, and arsenic (Bello et al., 2014). They are hazardous to animal health and may cause 
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physiological upset or render the animal products unsafe or unfit for human consumption and 

possibly cause the death of the animal (Pick 2011). The bulk of heavy metals are identified to 

be poisonous and cancer-causing agents. Problems emanating from water toxicity are 

aggravated by the irrigation of forage with the same potentially toxic water. Plants' absorption 

of these chemicals can be transferred into the animal body, thus increasing the animal's risk and 

toxicity. Sources of these toxins and salts are animal feces, birds, animal carcasses, intensive 

livestock industry runoff from bare paddocks, sewerage waste, veterinary antibiotics, 

herbicides, and pesticide residues (Bello et al., 2014). Diatomite that has been modified with 

manganese- oxide is an active and good adsorbent for removing heavy metal ions such as, Pb2+, 

Cu2+, Cd2+ Ni2+, and Hg2+ (Bello et al., 2014). The negative charges on the modified surface is 

an attribute that enhances adsorption performance. In addition, the enlargement of the surface 

area is believed to play a vital role in the overall removal process. 

Therefore, lower loading of diatomite has a superior performance over higher loading of other 

adsorbents (Al-Degs et al., 2000). Similarly, Al-Degs et al. (2000) and Moleshi and Nahid 

(2015) reported that heavy metal ions such as Pb, Ni, and Cu were removed from wastewater 

using manganese-oxide modified Iranian diatomite, which is considered as an adsorbent and a 

filtration substance. Also, organic and inorganic substances can be removed from wastewater 

and surface water through the absorption of diatomite modified with Mn (Walker and 

Weatherley 1999). Bello et al. (2014) reported that modified diatomite has a greater removal 

capacity for heavy metals from water than unmodified diatomite. Danil de Namor et al. (2012) 

established that the use of diatomaceous earth is a promising technique in removing heavy 

metals from wastewater and surroundings. Therefore, FSF can treat water/wastewater for 

animal use, hence reducing the risk of heavy metal contamination arising from meat 

consumption. Also, FSF has significant potentials in mitigating water scarcity and turning waste 

into wealth. 

            2.5.4. Potential of Fossil Shell Flour as Source of Minerals for Livestock 

 

Minerals are naturally-occurring substances generally required in microscopic amounts within 
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1 to 2500 mg per day, depending on the mineral (Oana et al.,2016). Like vitamins and other 

essential food nutrients, mineral requirements vary with animal species, age, physiological 

status, and purpose for which the animal was raised. Large mammals require large amounts of 

calcium to build and preserve bones and the standard function of nerves and muscles (Allison-

Silva et al., 2016). Phosphorus is an important constituent of adenosine triphosphate (ATP) and 

nucleic acid, is also vital for acid-base balance and the formation of teeth and bones. Red blood 

cells cannot function properly without iron in hemoglobin: the oxygen-carrying pigment of red 

blood cells. Iron is also an important component of the cytochromes that function in cellular 

respiration. Molybdenum, manganese, copper, zinc, magnesium, selenium, and iron are 

important cofactors found in certain enzymes' structure and are crucial in many biochemical 

pathways. 

Mammals need iodine to synthesize thyroid hormones. Sodium, potassium, and chlorine are 

imperative in upholding osmotic balance between cells and the interstitial fluid (Soetan et al., 

2010). According to Galyean et al. (1999), different microminerals, for example, Se, Mn, Zn, 

and Cu, are essential for the optimal performance of the immune structure and resilience against 

pathogens. Cobalt deficiency decreases the resistance of animals against helminth infections 

(Ferguson et al.,1989). Molybdenum also plays a vital role in immunity against endoparasite 

(McClure 2003) and can decrease the worm burden in lambs (Miller et al.,2013; Qudoos et al., 

2017). Natural food-grade FSF contains 15 macro and microminerals, which are essential to 

animal diets. The inclusion of natural FSF to poultry diets has continuously revealed weight 

gains in production. This gain could be connected to a combination of factors such as the ability 

of FSF to decrease parasite populations, promotes a reduction in stress on the animal, and 

improved nutrients assimilation (Adebiyi et al., 2009; Adeyemo 2013). Fossil shell flour 

contains a wide range of naturally present chelated minerals such as calcium, magnesium, iron, 

phosphate, sodium, titanium, and potassium. The mineral constituents that FSF provides may 

replace a small proportion of the entire mineral premix or complex. 

The ability to supplement both micro and macro minerals (particularly the effects of fossil shell 
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flour on improved general mineralization such as bone), may also be the reason for enhanced 

livestock performance (Carlisle 1976; Seaborn and Nielsen 1994; Mertz 2012). A study 

conducted at the University of California reported that the silicon inclusion promoted leg 

thickness and more prominent combs of chicken relative to their body size than the group 

without silicon supplementation (Carlisle 1976; Adebiyi et al., 2009). Adebiyi et al. (2009) also 

reported that growing cockerels fed 6 % inclusion levels of FSF had the highest Ca, P, and Ash 

values than the control and other treatments. However, tibiotarsi weight, length, and robusticity 

index were not affected significantly. Livestock production and health problems are often 

associated with calcium deficiency in many species of animal. The addition of natural food-

grade FSF to diets could avert any calcium associated performance or health issues. Minerals 

present in natural food-grade FSF can also help to meet the mineral constituents of lactating 

animals (Oana et al., 2016). Table 2.6 shows the mineral constituent of food-grade FSF, 

including major and trace elements needed by livestock for growth performance. 

Fossil shell flour is the most abundant organic amorphous silica in the world (79% to 94 % of 

silicon) (Martin 2013). It exists in silicon dioxide form; it is bioavailable and is essential for 

good bone growth and nutritionally crucial for preventing certain conditions of chronic diseases 

associated with aging (Martin 2007; Martin 2013). Humans, animals, and plants have an 

essential need for silicon to sustain life, and regrettably, in today’s world, our diets can easily 

become deficient in silicon.   
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Table 2.6: Mineral constituent of fossil shell flour (FSF) 

Element Quantity 

Calcium (Ca) 0.40 

Sodium (Na) 0.26 

Manganese (Mn) 0.0052 

Iron (Fe) 0.72 

Copper (Cu) 0.0019 

Vanadium (V) ppm 43.8 

Sulfate Sulfur (S) 0.062 

Phosphorus (as P205) 0.037 

Potassium (K) 0.16 

Chloride 0.074 % or 740 ppm 

Zinc (Zn) 0.0022 

Titanium (Ti) ppm 420 

MgO (calculated from % Mg) 0.34 

Strontium (Sr) ppm 59.9 

Boron (B) 0.0023 

Magnesium (Mg) 0.21 

% CaO (calculated from % Ca) 0.55 

Aluminum (Al) % 0.65 

 

Sources: Adebiyi et al. (2009)
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This is because Silicon is essential for the growth and bone calcification in mammals. Also, it 

is a biological crosslinking agent of connective-tissue-based membrane structures. Silicon is 

known to benefit several human disorders, such as osteoporosis, aging of skin, hair, and nails, 

and atherosclerosis. 

 

2.5.5. Fossil shell flour and blood metabolites of sheep  

The productive performance of sheep largely depends on their health status. The most accurate 

and precise way of accessing health status is to have a picture of the animal's blood profile 

(Schroder and Staufenbiel, 2010). Damptey et al. (2014) reported that blood metabolites could 

be used to determine an animal's well-being and to detect the adequacy of feed offered to such 

an animal. According to Antunovic et al. (2011), a sheep's nutritional status could reliably be 

assessed through the blood metabolic profile and is independent of the sheep's physiological 

condition. In a study conducted by Novoselec et al. (2017),  

it was reported that serum urea, total plasma protein, albumin, globulin, and creatine could be 

used to evaluate the crude protein in the diet and also the protein status of the animal. Likewise, 

haematological indices, especially the white blood cells and the red blood cells, are great 

indicators of sheep production's health status (Cériac et al., 2017). Weaver et al. (2013) reported 

that FSF's addition into the feeds of young gilts improves the immunity system against 

Aflatoxin. Similarly, Emeruwa (2016) observed an improvement in RBC, WBC, blood glucose, 

total serum protein, and blood minerals of sheep fed FSF at 2 % inclusion levels. Adeyemo 

(2013) concluded that because of the richness of FSF in trace elements, it promotes feed intake 

and improves blood glucose and total blood protein. 

 

2.5.6. Potential of FSF in Livestock Parasite Control  

Parasitism in small ruminants is a major problem for farmers, especially for smallholders. By 

nature, small ruminants, especially sheep, graze close to their dung, which exposes them to 
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parasitic ova and subsequently parasite load (Osweiler and Carson 1997). Consequently, 

parasitic gastroenteritis continues to be a health risk and constraint to the production of small 

stocks due to associated disease, mortality, control measures, and cost of treatment at clinical 

as well as subclinical levels (Nwosu et al., 2007). Economically, a reduction in profitability 

levels of ~15%, including weight loss of ~50 % on account of intestinal parasites, has been 

reported by Bhat et al. (2011); Shahnawaz et al. (2011). This loss results from low production 

on account of poor growth, low weight gains, and poor utilization of feed (Ijaz et al., 2009). 

Parasites can cause hematological and biochemical turbulences in sheep (Ijaz et al., 2009) and 

anorexia, altered water and electrolyte balance, anemia, poor reproductive performance, and 

weight loss. This can lead to an increase in the mortality rate of lambs (Hussain and Usmani 

2006). Studies have revealed that GIT parasites are significant causes of production losses in 

sheep, particularly in sub-Saharan Africa (Hussain and Usmani 2006; Odoi et al., 2007). At any 

stage in sheep growth, they can be vulnerable to gastrointestinal nematodes, although lambs and 

peri-parturient ewes are most epidemiologically affected (Besier et al., 2016). One of the main 

organisms that economically restrict sheep production worldwide is gastrointestinal nematodes 

(Miller et al., 2013). The most important factor limiting the control of this parasitic organism is 

the stable increase of its anthelmintic resistance globally, particularly if animals are underdosed 

or treated under preventative and suppressive treatment regimes. Therefore, alternative and 

complementary sustainable control programs such as FSF would be beneficial. 

For the past two decades, ’ fossil shell flour (FSF) has been used to deworm animals naturally. 

In a previous study by Koster (2013), a 2 % inclusion level of fossil shell flour in the diet of 

dairy and beef cattle reduced parasite investigation and increased production of milk by 5%, 

and improve meat quality. The National Experimental Council and the National Council of 

Organic Standards in the USA discuss the disadvantages of chemical inoculations in their 

database of published products and suggest that Diatomite be used as an alternative (Koster, 

2013). Similarly, on the efficacy of FSF with ewes, Deutschlander (1993) reported that a 

combination of FSF and a mineral supplement with no other anthelmintic used at a ratio of 1:1 
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for three months reduced the incidence of Haemonchus compared to the control. 

 

Lambs fed with 2 % inclusion rate of FSF appeared to have an earlier weight gain, tails that 

were cleaner, and shining wool (Deutschlander, 1993). A better improvement in the general 

body condition of lambs was also reported. Deutschlander (1993) also performed a similar study 

where heifers (five hundred pounds weight) fed FSF pasture on free-choice conditions showed 

no worms, either mid- or late-season. The heifers consumed FSF of about one pound per week 

per heifer, and when the dairy cows were not fed FSF for a few days, they craved the substance 

and consumed several pounds as soon as it was made available to them. Despite the heavy 

feeding on FSF, no side effects were recorded in the cows, and they remained in good condition. 

It was concluded that the lambs performed much better than the ewes and cattle while on 

pasture. In addition, the use of FSF recorded savings of $1.50 per head for both ewes and cattle 

as a dewormer over the use of conventional medicines. Deutschlander (1993) observed that the 

heifer and ewes' body conditions were very satisfied when they were withdrawn from the 

pasture. In another study, Bernard et al. (2009) observed that Spanish/Boer cross goats fed 

varying inclusion levels of FSF at 1.77 g, 3.54 g, and 5.31 g per kg had significant improvement 

in mean weight gain and reduced fecal egg count as the inclusion levels increased. Similar 

observations were reported by Bennett et al. (2011); Mclean et al. (2005) showed that FSF 

significantly increased body weight, feed conversion efficiency, growth rate, and decreased 

parasite load of the experimental animals. However, they both postulated that FSF should be 

fed for an effective and optimal outcome for a more extended period. They hypothesized that 

the abrasive edges of the diatom particles injured the cuticles of nematodes when in contact, 

resulting in dryness and eventually the parasite's death. In line with these findings, Ahmed et 

al. (2013) considered the use of biological control of gastrointestinal parasites in sheep, feeding 

different biological organisms and diatomaceous earth in their diet. They also reported that 

diatomaceous earth had an efficacy of 61%, although efficacy varied with time. 
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2.5.6. Fossil shell flour and rumen manipulation in Sheep production. 

Sheep can utilize grasses and other fibrinolytic materials because the gastrointestinal tract has 

a compartment called the rumen. The rumen forms the larger part of the reticulorumen, the first 

chamber in the ruminant animals' alimentary canal. It contains digestive juices and millions of 

microorganisms and serves as the primary site for microbial fermentation of ingested feed 

(Ahmed et al., 2013). Internally the surface is tiny projections, papillae in shape and often 

described as a “fermentation vat.” Through fermentation, microbes within the rumen convert 

cellulose and fiber, which are useless to the host animal, into volatile fatty acids (VFA), 

microbial protein, and B vitamins, useful products. The most common VFA produced during 

the process of fermentation are acetate, propionate, and butyrate. These VFA are sources of 60 

– 80% of the ruminant’s energy (Atikah et al., 2018). This same process also produced gasses, 

including methane nitroxides as a byproduct (Kara et al., 2016). Their molar concentration of 

VFA differs depending on many factors, including the type of diets (Wiedemann et al.,2016). 

Similarly, methane generated as a byproduct of fermentation in ruminant animals' rumen 

constitutes about 6-12% of greenhouse gasses globally (Tapio et al., 2017). Rumen has a 

temperature ranging between 38 oC - 42 oC and a pH of slightly acidic to neutral (6-7). It is an 

anaerobic condition (Henderson et al., 2015). 

Microbes found in sheep's rumen include bacteria and archaea (most dominated), protozoa, and 

fungi. Among the highly conserved and known methanogenic archaea are Methanosphaera sp, 

Methanomassiliicoccaceae sp, Methanobrevibacter sp, and Methanobrevibacter sp. 

Simultaneously, those of bacteria include Prevotella sp, Butyrivibrio sp, Ruminococcus sp, 

Lachnospiraceae sp, Ruminococcaceae sp, and Bacteroidales sp. (Henderson et al., 2015). 

The type, productivity, and functionality of microbes in the rumen of sheep depend on the age 

of the sheep, type and size of the feed consumed, presence and type of feed additive (Kanber et 

al., 2016). Dias et al. (2013) reported that both the microbes in the rumen and the host animals 

require major and trace minerals for growth and development. It was further stated that sulphur 

is needed to form amino acids such as cysteine and methionine, which are building blocks of 
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proteins (Golder et al., 2014). It was observed that the inclusion of sulphate to the diet of sheep 

improved microbial counts of all microbes in the rumen with fungi group, which helps in fiber 

degradation having the highest increase (van Zijderveld et al., 2010). Therefore, FSF could be 

used to manipulate the microbial species in the rumen of the ruminant animal since FSF is rich 

in minerals, including Sulphur. 

2.5.7. Potential of Fossil Shell Flour on Quality of Wool  

In the face of demand for lighter weight fabrics by consumers and the rigorous challenge of 

competition from synthetic fabrics, producing quality wool that will translate to the consumer's 

yearning has been of utmost importance to the sheep industry in the past 25 years. When looking 

for fine, uniform and high-quality wool appropriate for the textile industry, Dohne-merino and 

other merino sheep come to mind because of the wool quality they produce (Cilek et al., 2015). 

Wool fiber diameter and fiber length are the key characteristics used to evaluate the processing 

route and final quality of the finished textile products (Wang et al., 2013). Factors such as 

genotype, nutrition, age, and sex determine the quantity and quality of fleece from sheep. 

Esfandyari et al. (2011) reported that the animal's genetic composition greatly influences the 

fiber diameter, and the proportion of kemp. Fiber diameter variability and proportion of 

medullated fiber are attributed to the sex of the animal. Cilek et al. (2015) observed that females 

have a greater measure of fiber diameter variability and proportion of medullated fiber than 

males and that age on all fleece traits was significant. The effect of sex was statistically 

noticeable for all fleece traits except for fiber tenacity and comfort factor. It can be generally 

concluded that younger sheep and rams have higher fleece yield and fleece quality than older 

sheep and ewes. Similarly, the age of the animal and the fiber diameter are directly proportional 

to each other, while age and fiber length is not affected by age in merino sheep. Fiber diameter 

is affected by the quality and quantity of nutrients available to the animal, which is also related 

to live weight (Allden et al., 1979; Hatche 2005; McGregor et al., 2016). 

Variation in staple length relates positively to live weight (Huisman and Brown 2008). 
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McGregor et al. (2016) observed that the highest correlation between staple length and live 

weight was observed when measured simultaneously but weaker when measured at different 

times. Also, fiber diameter variation mostly influences staple strength (Hatcher et al., 2005; 

Schlink et al., 2010; McGregor et al., 2016). Staple strength and location of a break are greatly 

influenced by the minimum fiber diameter and variation rate along with the fiber. However, 

nutrition, disease, stocking rate, genotype, and the animal's physiological state all influence the 

staple strength. Likewise, climate, altitude, genotype, nutrition and soil, relative humidity, pH 

within the fleece, the level of perspiration, production of sebum by sebaceous glands, and time 

of shearing are factors that determine the color of wool (Sumner et al., 2003; Sumner et al., 

2004; Sumner 2005). 

The effect of gastrointestinal parasites and lice on fleece yield and quality have also been 

studied. Frequent treatment with anthelmintics increases the fleece yield, fiber diameter, staple 

length, and strength as well as crimp fleece weight (Van Burgel et al., 2011; James et al., 2011). 

Bovicola ovis (lice) infestation harms wool characteristics, and this is amplified as the number 

of lice present and the duration of infestation increases. With lice infestation, greasy wool 

changes color and becomes less bright, staple length is reduced, and staple strength is negatively 

affected (James et al., 2011). Van Burgel et al. (2011) also reported that sheep with modest to 

severe infestation produce less sound wool (1.7 vs. 3.0 kg/head) and more cast wool (0.4 vs. 0.1 

kg/head) than sheep with very few lice. 

Since fossil shell flour improves body weight gain, reduces intestinal parasites, and in general 

might be expected to suppress ectoparasites, it follows that inclusion of fossil shell flour to the 

diets of sheep may increase fleece yield and improve the quality of wool greatly for good market 

prices as well as the international standard. As an alternative to anthelmintic, fossil shell flour 

(FSF) was evaluated by Baltran and Martins (2015) for its ability to inhibit the migration of 

Oesaphagostomum dentatum larvae using migration and inhibition assays in vitro, in 

unsheathed and sheathed third-stage larvae. They observed that FSF was more effective in 
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unsheathed larvae at 0.3 mg/mL after 20 h with 61.6 % inhibition. With sheathed larvae, FSF 

had a significant effect of 1 mg/mL exposed within 24 h with 67.6 % inhibition. This shows 

that the presence of cuticle could reduce the effectiveness of FSF as anthelmintic. Therefore, 

researchers need to investigate parasite cuticle abrasion by using equipment such as scanning 

electron microscopy to examine the cuticle integrity (from treated versus untreated). In a 

separate experiment, Osweiler et al. (1997) contrarily observed that FSF did not lower the 

parasite load in lambs. 

Fossil shell flour has also been reported to reduce ectoparasites. Dawson (2010) said a 

significant reduction in bird flea population sizes (Ceratophyllus sp) and several blowfly species 

(Protocalliphora spp.) in the same year. Fossil shell flour seemed to be more efficient at 

reducing the flea populations, perhaps because fleas have body sizes that are smaller and more 

susceptible to dehydration because of FSF’s abrasive action. It was also confirmed, in more 

recent researches by Martins and Mullens (2012) and Amy (2016), that FSF can suppress the 

activities of Northern fowl mites (Acaris macronyssidae). Kilpinen and Steenberg (2009) 

reported that FSF is one of the commonly used substitute control methods for poultry red mites 

(Dermanyssus gallinae) in Europe because it kills the target host mainly by desiccation. The 

authors also observed large differences in the types of FSF versus red mites’ mortality. 

Therefore, there is a need for other researchers to investigate different types of FSF formulations 

head to head for parasite control. 

2.6. Impact of Climate Change and heat stress on Sheep Production and the use of FSF 

 A long-time alteration of weather on the earth, known as climate change, is caused by 

greenhouse gasses (GHG). These changes occurred from cooler to warmer, and a rise of 1.8-4 

0C is postulated in the next 100 years, depending on the GHG emission rate (IPCC 2018). 

Livestock contributes about 18% of the total anthropogenic GHG emission (Thornton 2010). 

Sheep are seen as animals for the future because they can survive and strive in vulnerable 

climates such as droughts (Gowane et al., 2017). Though sheep are vulnerable to changing 
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climate, they are relatively more resilient to the impact of climate change than large ruminants. 

However, because of change in environmental factors such as temperature, humidity, rainfall, 

availability of forages, and pathogen prevalence, sheep production is affected as a result of feed 

intake, growth rate, genetic variation, and other traits of importance (Safari et al.,2005; 

Ghafouri-Kesbi and Notter 2016; Gowane et al., 2017). Based on the climate change scenario, 

there is an increasing concern about the impact of heatwaves on animal welfare and their 

production in both temperate and tropical regions (Nardone et al., 2010). There are negative 

effects of heat stress on animal productivity and health (Bernabucci et al., 2015). The heat stress 

effects are particularly harmful in high productive animals due to the close relationship between 

metabolic heat generation and production levels. In the last two decades, there is a growing 

interest in using supplements or additives to mitigate greenhouse gas emissions in livestock 

production systems, especially small stock. Thota et al. (2017) reported that the mean enteric 

methane emissions (l/day) were significantly lower in sheep fed with probiotics supplemented 

diet than sheep fed on a diet without probiotics supplementation and reduced 21.9 percent as 

compared to the non-supplemented diets. Similarly, Ma et al. (2016) reported that allicin 

supplementation effectively reduced daily methane emissions in ewes, probably by decreasing 

the population of ruminal protozoans and methanogens. There is a paucity of information on 

the use of FSF for rumen manipulation for the purpose of reducing the production of methane 

in the rumen of a ruminant animal 

 

2.7. Other Potentials of Fossil Shell Flour in Feed Industry and Livestock Production 

2.7.1. Fossil Shell flour as adjuvant vaccine 

Deactivated vaccines are normally used in poultry as part of a complete vaccination procedure. 

These vaccines can stir up antibodies of high titers, capable of protecting against general 

infections, and transmitted from parent stock to their offspring as maternal antibodies. To boost 

their immunogenicity, these vaccines have adjuvants. Common adjuvants often used in poultry 
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vaccines are aluminum hydroxide ointment (Alum) and ASO4 (oil-based type) (Schijns 2011; 

Fox and Haensler 2013). Substances added to a vaccine to accelerate or enhance the body’s 

immune response to the vaccine and reduce the quantity of antigen needed for vaccines are 

referred to as adjuvants (Mount et al., 2013). According to Waksman (1979) and Hunter (2002), 

this can be accomplished by three different mechanisms. First, a prolonged immune response is 

induced by a slow-release due to the deposit of antigens formed at the injection site. Second, 

particulate antigens are formed, which antigen-presenting cells can detect. 

Finally, local inflammation may be caused by adjuvants that initiate system-recognition 

receptors, activating antigen production. However, the undesirable effects of adjuvants are 

inflammations at the injection site. This effect is noticeable in farm animals such as poultry, 

resulting in a reduction of meat quality and escalating condemnation of carcasses (Singh and 

O’Hagan 2003; Schat 2014). The price of vaccines is also considerably increased by adjuvants 

(Meeusen et al., 2007). Discovering new, safe, steady, and cheap adjuvants are therefore vital 

to improving existing vaccines. Fossil shell flour has successfully met this need. Singh and 

O’Hagan (2003) experimented using fossil shell flour as an adjuvants vaccine for Newcastle 

Disease Virus (NDV) in poultry, suggesting that fossil shell flour could function as a 

prospective immunological agent for vaccines against poultry diseases. They established that 

using fossil shell flour as a vaccine adjuvant causes no harmful effects to hatchability, quality 

of chicks, body weight, and meat quality. Although an apparent immune response was not 

observed when the vaccines were applied in vivo, subcutaneous boosters with NDV adjuvanted 

with diatoms generated NDV specific antibodies, starting at 7 d post the second booster in 

chickens. The effectiveness of diatoms as an adjuvant for INDV vaccines was similar to the 

action shown by aluminum hydroxide gel. The researchers proposed that fossil shell flour can 

be used as poultry adjuvant deactivated vaccines. 

A similar study by Nazmi et al. (2017) also looked at the efficacy of diatoms as adjuvants for 

the Ark-DPI live infectious bronchitis virus (IBV) vaccine after ocular or spray application. 
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They observed that the addition of diatoms had no detrimental effect on the vaccine virus, 

hatchability, chick quality, live weight, and meat quality. However, the addition of diatoms to 

the vaccine did not stimulate higher immunoglobulin (IgG) titers in the serum or 

immunoglobulin (IgA) titers in tears. It also did not influence the occurrence of 

monocytes/macrophages in blood and spleen determined by flow cytometry. In addition, 

protection generated against IBV homologous challenges, measured by a viral load in tears, 

respiratory signs, and histopathology in tracheas, did not vary when diatoms were present in the 

vaccine formulation. It was concluded that FSF could be used as a potential adjuvants vaccine 

in Newcastle Disease Virus (NDV), although its efficacy on the Ark-DPI live infectious 

bronchitis virus (IBV) needs further research. 

             2.7.2. Prevention of Scours 

 
Grazing animals in the process of searching for silicon dioxide, which is beneficial for their 

growth, frequently eat dark dirt, which contains a crystal-like type of silicon dioxide. The 

farmyard variety of dirt is contaminated with diseased organisms, which can lead to calves and 

young animals' death. Providing stock with food-grade fossil shell flour that contains at least 

80 % pure silicon dioxide can prevent calf scours (Nazmi et al., 2017). The purpose of 

providing fossil shell flour of free choice to the young animal is to prevent them from eating 

black dirt in the farmyard or elsewhere. Therefore, fossil shell flour serves as a better substitute 

for black dirt. 

 

2.8. The future of the sheep industry in relation to the Usage of FSF 

There are serious losses to stored grain suffered by communal farmers in sub-Saharan Africa 

because of insect damage. However, as many of these farmers cannot afford the cost of chemical 

protectants, they resort to using diatomaceous earth to preserve their products for their 

household and livestock use (Stathers et al., 2008). Diatomaceous earth is cheap, readily 

available, effective against insects, and safe to use. All farmers, whether commercial, small-

scale, or communal, can make use of FSF. The numerous uses of FSF give room for all types 
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of farmers to explore the various benefits and applications of fossil shell flour. Stathers et al. 

(2008), observed in two different studies that small-scale farmers in Tanzania and Zimbabwe 

were able to preserve their grains for both their animals and their household by applying 

diatomaceous earth to the grain at the rate of 0.1% (w/w). Likewise, Badii et al. (2014) reported 

that diatomaceous earth applied at 1.50 or 2.00 g kg−1 at 50 % RH is a feasible substitute for 

preventing C. maculates infestation in stored Kersting’s groundnut for commercial and small- 

scale farmers. 

Another opportunity that is open to commercial, small-scale, and even communal farmers in the 

use of diatomaceous earth is that food-grade diatomaceous earth can be put in a bowl and placed 

in the pen or barnyard as a mineral lick for the animal (Van Pleltzen 2015). Farmers of different 

scales of production can therefore make use of diatomaceous earth for their animals to preserve 

feed ingredients and provide a source of minerals and other numerous uses. 

As a result of a global increase in organic farming, from the demand for organic livestock edible 

products by consumers and food safety campaign programs, fossil shell flour can be a potential 

attraction to both scientists and commercial farmers. Its use has not yet been adopted in most 

countries, particularly in sub-Saharan Africa. There are relatively few studies investigating the 

potential of fossil shell flour in livestock, especially in small stock. Besides an absence of 

authenticated statistical information from researchers, there is likewise a gap in knowledge 

concerning applying these substances in an inorganic control program. There is a need for 

adequate scientific information and infrastructure to produce and continuously supply a 

naturally-occurring substance such as fossil shell flour for improving livestock production 

locally and internationally. There is also a need for awareness programs regarding fossil shell 

flour used in the livestock industry for both farmers and consumers. Additional investigation is 

needed to motivate for the broader potential of fossil shell flour as an agent of improvement in 

livestock production. In this context, it can be assumed that diatomaceous earth will achieve a 

greater role in livestock production and food safety in the near future. 
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2.9. Summary 

As a result of a global increase in organic farming, from the demand for organic livestock edible 

products by consumers and food safety campaign programs, fossil shell flour can be a potential 

attraction to both scientists and commercial farmers. Its use has not yet been adopted in most 

countries, particularly in sub-Saharan Africa. There are relatively few studies investigating the 

potential of fossil shell flour in livestock, especially in small stock. Besides an absence of 

authenticated statistical information from researchers, there is likewise a gap in knowledge 

concerning applying these substances in an inorganic control program. There is a need for 

adequate scientific information and infrastructure to produce and continuously supply a 

naturally-occurring substance such as fossil shell flour for improving livestock production 

locally and internationally. There is also a need for awareness programs regarding fossil shell 

flour used in the livestock industry for both farmers and consumers. Additional investigation is 

needed to motivate for the broader potential of fossil shell flour as an agent of improvement in 

livestock production. In this context, it can be assumed that diatomaceous earth will achieve a 

greater role in livestock production and food safety in the near future. 
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Chapter 3 

 

Effect of varying inclusion levels of fossil shell flour on growth performance, water intake, 

digestibility, and N retention in Dohne-Merino wethers 

 

[Published in Animals (2019) 9: 56] 

 

 
Abstract 

The current study determined the effects of varying levels of Fossil shell flour (FSF) 

supplementation on growth performance, water intake, digestibility, and N retention in Dohne 

Merino wethers. Twenty-four Dohne-Merino wethers (20 ± 1.5 kg body weight) were used in a 

complete randomized design with six wethers per treatment. The wethers were fed a basal diet 

without FSF inclusion (control), or with the addition of FSF (2%), (4 %), or (6%) of the diet for 

105 days. Wethers fed on a diet with 4 % FSF had the highest values for dry matter intake, total 

weight gain, N retention as well as for most of the apparent digestibility nutrients (CP, EE, and 

Ash) compared to those fed on (P < 0.05). The urinary and fecal N excretion also significantly 

decreased in the FSF treated diets compared to those fed on a diet with 0% FSF (P< 0.05). 

Water intake values were highest in wethers fed on a diet containing 0% FSF and differed (P < 

0.05) from those fed on diets with 2% and 6% FSF but not those on a diet with 4% FSF. It was 

concluded that a 4% inclusion rate of FSF would give the best improvement on growth 

performance, diet digestibility, and N retention of Dohne- Merino wethers. Besides, FSF 

inclusion in sheep's diets is a safe, natural additive that can help reduce environmental pollution 

by reducing fecal and urinary N excretion. 

Keywords: Fossil shell flour, growth performance, digestibility, nitrogen utilization, Dohne- 

Merino 
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3.1.    INTRODUCTION 

The use of growth promoters in farm animal diets is growing at an increasing rate (Frater, 2014). 

These promoters are used to improve feed efficiency and the growth performance of farm 

animals. Rumen regulation through growth promoters is one of the most important methods for 

improving feed efficiency and, thus, growth performance. Likewise, feed additives in 

ruminant’s nutrition have the potential to increase dry matter intake (DMI), feed conversion 

efficiency (FCE), and animal productivity (Chaturvedi et al., 2014; Frater, 2014). There is a 

wide range of feed additives that include antibiotics, probiotics, antioxidants, enzymes, 

prebiotics, organic acids, mycotoxin binders, hormones, beta-agonist, defaunation agents, 

essential oil, and herbal feed additives, most of which are chemical-based (Chaturvedi et al., 

2014) 

 

Although the use of growth promoters as feed additives has been a hallmark of modern animal 

husbandry, in recent years, there have been increased concerns on chemical residues left in meat 

and other animal products as a result of its chemical-based feed additives (Tedeschi et al., 2011; 

Jalaal et al., 2015). There is also an increase in ecological risk because of the accumulation of 

veterinary antibiotics residue in animal manure (Li et al., 2013), bodies of water, sediments, and 

soils (Hu et al., 2010; Watanabe, 2010). Arikan et al. (2009) reported that antibiotics 

administered to farm animals either as growth promoters or medication were usually excreted 

without metabolism. Similarly, Pils (2005) observed that between 70 to 90 % of tetracycline 

might be excreted as parent compounds through urine and feaces. 

As a result of the possible risks of chemical-based growth promoters, there have been increased 

interest and promotion of natural growth promoters (NGPs). Several plants and plant extracts, 

enzymes, organic acids, and oils have recently received considerable attention as possible NGPs 

that are eco-friendly (Valero et al., 2014). One of the major drawbacks to the use of these NGPs 

is the time and cost involved in harvesting them. One NGP that could be useful as a cost-

effective, readily available, healthy, and eco-friendly feed additive is fossil shell flour. Fossil 



85  

shell flour is a naturally occurring silicate-rich substance with important physical and chemical 

characteristics that enable it uses recently as a feed additive in livestock production. The 

substance is non-toxic, cheap, and readily available in many countries (Ikusika et al., 2019). 

The mineral constituent of dietary fossil shell flour includes Sodium, Copper, Zinc, Iron, 

Magnesium, Calcium, 2% Magnesium, Potassium, Aluminum, Sulfate sulphate, 2 %Boron, and 

Vanadium (Adebiyi et al., 2009; Adeyemo 2013, Lakkawar et al., 2016). 

In the study conducted by Emeruwa (2016), using West Africa dwarf sheep, it was observed 

that inclusion of fossil shell flour in the diet improves their weight gain with sheep fed 4 % 

inclusion level of fossil shell flour growing faster than 6%. Likewise, Sarijit et al. (2016) 

reported that FSF's addition to heifers’ feeds at 2% levels improves daily feed intake, weight 

gain, and feed conversion efficiency. Emeruwa (2016) reported an optimum inclusion level of 

4 % FSF on digestibility crude protein and 2% FSF on N retention in sheep. 

Although few research works have been documented in the literature on the effect of FSF on 

the growth performance of West African Dwarf sheep in a tropical region, it is also very 

necessary to confirm its effects on a dual-purpose breed of sheep domiciled in a semi-arid 

region. Moreso, there is a paucity of information on feedlot performance of Dohne-Merino 

supplemented with varying levels of FSF. Still, none reported on the effect of FSF on the water 

intake of Dohne- Merino. This is important because water and feed resources have a direct 

relationship (Mpendulo, 2016). It is also essential to understand the possible effect of FSF on 

the water consumption of sheep since the sub-Sahara region is known for water scarcity (Ran 

et al., 2016). Considering that FSF's use can be cost-effective, healthy, and eco-friendly if the 

effectiveness of FSF in improving the growth performance of sheep is ascertained, farmers, 

especially poor-resources ones, can increase their productivity through FSF. This will also be 

communicated to the policymakers to promote FSF as a feed additive instead of antibiotics. 

Therefore, the objective of this study was to assess the effects of four levels of FSF inclusion 

on growth performance, water intake, digestibility, and N retention of Dohne- Merino sheep. It 

was then hypothesized that the increase in FSF inclusion in diets increases the growth 
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performance, digestibility of nutrients, and N retention in Dohne-Merino sheep. 

3.2 Materials and Methods 

 
3.2.1.  Ethical approval 

The handling and the use of the animals were approved by the University of Fort Hare, Animal 

ethics and Use Committee [Approval number (MPE041IKU01)]. 

3.2.2.   Study site description 

The experiment was conducted at the small ruminant unit of the University of Fort Hare 

teaching and research farm, Alice, Eastern Cape, South Africa. The research farm lies at a 

longitude 26º 50' E and latitude of 32°46' S. The annual rainfall is between 480-490 mm and a 

temperature range between 24.6 º C and 11.1 º C (average is 17.8 º C) at an altitude of 535 meters 

above sea level. 

3.2.3.   Animal, experimental design and management 

Twenty-four five months old Dohne-Merino wethers weighing 20 ± 1.5kg on average were 

selected from a commercial farm in Mitford village, Tarkastad, Eastern Cape province, South 

Africa. All the 24 wethers were bought from the same farm. The wethers were randomly allotted 

into four treatments (n = 6). They were individually housed (1.5 m × 1.5 m) in a well- ventilated 

roofed animal building with a concrete floor. The pens had a similar temperature, relative 

humidity, and sunlight conditions. The experiment lasted for 105 days, excluding 14 days of the 

adaptation period. The wethers had access to sufficiently clean and fresh water ad libitum on a 

daily basis. Each wether was ear-tagged and labeled for identification on a diet basis. 

3.2.4.   Experimental Diets 

The diets for the wethers consisted of concentrate and hay at a 40:60 ratio. The concentrate was 

made up of maize (8%), sunflower oil cake (10 %), molasses (5%), wheat offal (15%), limestone 

(1.5%), salt 0.3%, and sheep mineral-vitamin premix (0.2%), whereas the hay consisted of 30 

% teff and 30 % Lucerne. The ingredients for concentrate were purchased from Monti Feeds 

(pty) Ltd, East London, South Africa. In contrast, the teff and Lucerne were purchased from 

Umtiza Agricultural products (Pty) Ltd, Kwantu shopping mall, Alice, South Africa. All 

ingredients were thoroughly milled and mixed evenly together to form the basal diet. The feed 
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was formulated to meet the nutritional (energy and protein) requirements of the used sheep 

(NRC, 2007). The four dietary groups were: basal diet (0%); basal diet +2% FSF; basal diet +4 

% FSF and basal diet + 6% FSF. The wethers were fed at 8:00h and 15:00h at 4 % of the 

bodyweight (on dry matter (DM) basis). The food-grade Fossil shell flour was purchased from 

Eco-Earth (Pty) Ltd, Port Elizabeth, South Africa, which produces this product under a license 

by the Department of Agriculture, Forestry and Fisheries of South Africa. 

3.2.5.   Analytical procedures 

 
3.2.5.1 Proximate analysis of the experimental diets, orts, and fecal sample 

 
The proximate composition of the experimental diet is presented in Table 3.1. Dry matter 

content of the diets, orts, and fecal samples was measured by drying samples in an air-forced 

oven at 135°C for 24 h (method 930.15; AOAC 2005). Ash content was measured by placing 

samples into a muffle furnace at 550°C for five h (method 938.08; AOAC 2005). Organic matter 

(OM) was calculated as the difference between DM and the ash content. Nitrogen (N) was 

measured by the Kjeldahl method using Selenium as a catalyst, and crude protein (CP) was 

calculated as 6.25 × N. Gross energy (GE) was measured using a bomb calorimeter (C200, IKA 

Works Inc., Staufen, Germany). Ether extracts (EE) were measured by weight loss of the DM 

on extraction with diethyl ether in Soxhlet extraction apparatus for 8 h (method 920.85; AOAC 

2005). The crude fibre was determined by allowing the sample to boil with 1.25% dilute H2SO4, 

washed with water, further boiled with 1.25% dilute sodium hydroxide, and the dried residue 

(65 º C for 3 hours) after digestion was taken as crude fibre (method 978.10) as described by 

Nancy (2009). 

 

3.2.5.2. Mineral analyses 

The mineral composition of the dietary FSF used is shown in Table 3.2. In determining the 

FSF's mineral content, 5.0 g of the sample was weighed in triplicate and burnt at 550 º C in a 

muffle furnace for 5.5 hours. The residues were cooled in a desiccator, before
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                               Table 3 1: Proximate analysis of the experimental diets 
 
 

Items Percentage (%) 

Maize 8 

Sunflower oil cake 10 

Molasses 5 

Wheat bran 15 

Limestone 1.6 

Sheep premix 0.2 

Salt 0.3 

Grinded leucine hay (alfalfa) 30 

Grinded teff hay 30 

Chemical composition  

Dry matter (% as fed) 95.5 

Organic matter 85.22 

Energy ME 24.67 

Crude Protein 14.56 

Ash 10.33 

Ether extract 1.7 

Crude Fibre 22.60 
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                              Table 3 2: Mineral composition of Fossil shell flour (FSF). 

 

Items Quantity 

DM % 93 

Ca 0.40 

% CaO (calculated from %Ca) 0.55 

Mg 0.21 

%MgO (calculated from %Mg) 0.34 

K% 0.16 

Cu (mg/kg) 30 

Na (mg/kg) 923 

Zn(mg/kg) 118 

Fe(mg/kg) 7944 

Mn(mg/kg) 69 

P (as P2O5) 0.037 

Sulfate Sulfur (S)% 0.062 

Aluminum (Al) % 0.065 

Vanadium (V) % 0.00438 

Boron (B) % 0.0023 
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They were dissolving in 100 ml of deionized water. Suitable salts of the elements were 

used to make their standards. The standard mineral solutions were injected into the atomic 

absorption spectrophotometer (Jenway, FPSP 210 model 6305, United Kingdom), and 

concentration was obtained. These standards were used to determine Mg, Zn, Fe, Cd, Ca, 

Al, Mn, and B in an unknown feed sample. The concentration of Na and K were 

determined using a flame photometer (Jenway Models PFP7 and PFP7/C, Cole-Parmer, 

United Kingdom). 

 

3.2.6.   Feed intake and growth performance 

During the 105 days of successive feeding, data on fed feed to each wether and the 

corresponding orts were recorded daily to estimate voluntary intake of DM and nutrients.  Feed 

intake was determined by weighing the feed leftover in feed troughs, including feed refusals 

every day at 0800 h. Amounts of feed that disappeared were considered to be feed ingested by 

the wethers. The way the feeding troughs were built does not permit feed spillages. Weights of 

feed leftover were subtracted from the total weight of the feed allocated to each wether and 

divided by 7 to determine average daily feed intake (ADFI) (Tefera et al., 2015). Dry matter 

intake was determined by multiply the percentage dry matter of the feed with the average daily 

feed intake. 

Samples of feeds offered and orts were oven-dried at 65 °C until constant weight to determine 

DM concentration. Ground samples (to passed through 1-mm sieve) (Wiley mill; Thomas 

Scientific, Philadelphia, USA) was used to analyzed for organic matter (OM), CP, EE, and CF 

by the procedures described in section 3.2.5.1. The body weight (BW) of each wether was 

recorded at the beginning of the trial, on a weekly basis throughout the trial, and at the end of 

the experiment before the morning feeding using RUUDWEIGH, KM-2E electronic weighing 

system with 0.05 precision (RUUDSCALE, Durbanville, South Africa). Feed intake, average 

daily weight gain (ADG), and feed efficiency were calculated from the data obtained. 
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3.2.7.   Apparent nutrients digestibility and N retention 

Apparent digestibility coefficients of DM, OM, CP, EE, and CF were determined by the total 

fecal collection method (Gebrehiwot et al., 2017). On day 91, four animals per treatment were 

placed into individual metabolism crates (0.5 m × 1.2 m), allowing feces and urine to be 

collected. The digestibility trial lasted for 14 days (7 days for adaptation to metabolism crates 

and 7 days for the sample collection). 

The amount of feed fed, refusal and feces were weighed daily and homogenized. A 10% sample 

of total feces was collected during a 7-day collection period as described by Ma et al. (2017). 

Urine was collected daily in buckets containing 100 mL of 10 % (v/v) H2SO4. The volume was 

measured, and a sample (10 % of total volume) was collected and stored at −20°C until analysis. 

Samples of feed, orts, feces, and urine were pooled to form a composite sample for each wether. 

Urinary N was analyzed by the Kjeldahl method (AOAC 2005), and N retention was calculated 

as daily N excretion (urinary N plus fecal N) subtracted from daily N intake. 

 

3.2.8.   Statistical analyses 

The data on apparent digestibility, feed and water intake, growth parameters, and N retention 

were analyzed using the PROC MIXED of SAS 9.4 (SAS Institute, 2012). The model included 

the fixed effects of FSF inclusion level, week, and their interactions FSF inclusion level. 

Repeated measures were used to analyze data on. The effects of were. The following model was 

used: The PROC REG of SAS 9.4 (SAS Institute, 2012) was used to determine relationships 

between FSF and apparent digestibility, feed, and water intake, growth parameters, and N 

retention 
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3.3.   Results 

3.3.1. Feed and water intake 

As shown in Table 3.3, the inclusion of FSF in the diet of Dohne-Merino wethers had a 

significant effect on feed intake (P < 0.05). Wethers on diets containing 4 % and 6 % FSF (linear 

p = 0.04; quadratic p = 0.02) consumed more feed than wethers fed on a diet with 0 % FSF 

while wethers fed on a diet with 2 % consumed the least feed. Feed efficiency was highest in 

wethers fed a diet containing 4% FSF, while wethers on 0% FSF diet had the lowest value (p < 

0.05). The wethers on the 2% FSF diet were not different from wethers on 6 % FSF diet. The 

highest feed intake in wethers with 4 % FSF was noticeable from week 7 until the end of the 

trial (Fig 3.1). 

Water intake decreased linearly as FSF's inclusion levels increased in the diets, except for 4 % 

FSF inclusion level (P < 0.01; Table 3.3). The wethers on a diet with 0% FSF had the greatest 

water intake, while those on 6% FSF showed the lowest value. The wethers on 0% FSF diet 

tended to drink more water than wethers on 4% FSF diet (P > 0.05). 

3.3.2.     Growth Performance 

The effects of varying inclusion levels of FSF on growth performance are shown in Table 3.3. 

Average daily weight gain and final weight increased with increasing FSF inclusion levels (P < 

0.05). The average daily weight gain (ADWG) was lowest for wethers fed on 0 % FSF and 

greatest at 4 % FSF supplementation (P<0.05). Figure 3.1 showed BW's evolution over the trial 

and showed that wethers on 4% FSF diet had the greatest BW at the end of the experiment. 

 

3.3.3.    Nitrogen utilization and nutrients apparent digestibility 

Table 3.3 shows the nitrogen utilization and diet apparent digestibility of the diets by Dohne-

Merino wethers. Nitrogen intake, urinary N, and N balance were not affected (P>0.05) by FSF 

inclusion levels. Fecal N decreased as inclusion levels of FSF increased (P<0.05).
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                               Table 3 3: Effects of varying levels of FSF on growth performance and water intake on. 

 

Parameter Level of FSF in the diet (% of 

DM) 

 SEM P-Values 

 

0 
  

2 
 

4 
 

6 
  

Linear 
 

Quadratic 

 
Average daily 

feed intake(g) 

 

 
593 

 

 
572 

 

 
694 

 

 
648 

 

 
39.9 

 

 
0.045 

 

 
0.024 

Feed Efficiency 

(g/g) 
0.14 0.18 0.19 0.17 0.01 0.011 0.023 

ADG (g/d) 84.7 92.9 121.4 105.4 9.53 0.000 0.011 

 

Average daily 

water intake (L) 

 
 

1.95 

 
 

1.67 

 
 

1.8 

 
 

1.45 

 
 

0.10 

 
 

0.000 

 
 

0.113 

Feed: Gain ratio 19.2 19.4 19.5 19.4 0.43 0.667 0.221 

Final weight (Kg) 28.0 28.6 31.3 29.7 0.48 0.043 0.322 

Total weight gain 

(Kg) 

 
8.32 

 
9.20 

 
12.0 

 
10.3 

 
0.38 

 
0.042 

 
0.232 

Dohne-Merino wethers. 
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Figure 3.1: Average daily feed intake of Dohne-Merino wethers fed varying levels of Fossil shell flour (FSF).
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Increasing the inclusion levels of FSF had no effects on DM, OM, EE, and CF digestibility 

(Table 3.4), but it has a quadratic effect on apparent CP digestibility (p = 0.01). Wethers fed on 

a diet supplemented with 4% FSF showed the greatest value for all nutrient’s digestibility and 

were significantly different (P< 0.05) from those fed on 0% FSF for all nutrients. However, 

there were no differences (P>0.05) among wethers fed on FSF supplemented diets for CP and 

EE digestibility (Table 3.4). 

 

 

3.4.    Discussion 

The result obtained in the study was different from the results obtained by Emeruwa (2016), 

who recorded the lowest feed intake in the group fed 2% of FSF (900 ± 9.0 g/d) and the highest 

value for the 6 % inclusion group (1009 ± 9.0 g/d) in West African Dwarf Sheep. This could 

result from the difference in the basal dietary composition of experimental diets used in this 

current study. In this study, a combination of concentrate and two different hay was used, while 

Emeruwa (2016) used only concentrate different from the one used in this study. The slight 

declined in the feed intake at 6 % FSF inclusion level compared to 4 % FSF could probably due 

to a change in taste that leads to a reduction in acceptance of diets with 6 % FSF as a result of 

higher levels of mineral content. Also, McLean et al. (2005) reported significant variations in 

calves' feed intake fed varying levels of FSF. Sheep requires about 25 to 40 ounces per head per 

day of NaCl and will eat less feed when deprived of NaCl (Digby et al., 2011; Van Pleltzen 

2015). Similarly, it has been observed that minerals such as Na, Ca, K, and Mg increase the 

palatability of the diet and the feed intake of the animal (Garmyn et al., 2011; Desimone et 

al.,2013). This could be why wethers fed FSF- supplemented diets in this experiment had greater 

feed intakes than the control, which is not supplemented.This is because FSF had been reported 

to be rich in minerals, including Na (923 ppm), Ca (0.22%), Mg (0.11%), and K (0.11%) 

(Adebiyi et al., 2009; Adeyemo 2013; Lakkawar et al., 2016). The absence of quadratic effect 
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observed for various inclusion levels of FSF on nutrients intake shows that adding increasing 

levels of FSF up to 6% inclusion levels of the diets DM had no adverse effects on their 

consumption by the wethers. Water has been described as a vital component of sheep production 

(Schlink et al., 2010). The results from this experiment align with the observation of Mpendulo 

et al. (2017), which stated  
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Table 3 4: Nitrogen utilization (g/d) and apparent digestibility (%) of Dohne Merino wethers 

fed varying levels of fossil shell flour 

 

Parameter Level of FSF in diet, % of DM 
 

SEM 
P-Values 

 0 2 4 6  Linear Quadratic 

N Retention(g/d)        

N intake 9.83 11.07 13.96 10.24 0.44 0.433 0.954 

Fecal N 1.94 1.31 1.23 1.48 0.47 0.033 0.033 

Urinary N 0.79 0.32 0.41 0.58 0.07 0.856 0.842 

N balance 7.15 9.41 12.35 8.18 0.46 0.454 0.965 

Apparent digestibility (%) 

Dry matter 64.50 63.83 72.92 62.83 2.74 0.375 0.311 

Organic matter 65.58 66.24 73.15 63.13 2.81 0.353 0.367 

Crude protein 70.62 81.83 85.24 77.16 1.65 0.192 0.011 

Ether extract 85.54 89.69 93.01 90.19 1.41 0.247 0.222 

Crude fibre 51.10 51.17 64.79 52.73 3.88 0.712 0.312 
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That feed intake of Nguni goats increased with water consumption. Also, it agreed with the 

report of Prasetiyono et al. (2000) and Abioja et al. (2010), which says that increased water 

intakes usually encourage sheep to eat more feed. 

The decreased fecal N values with increasing FSF inclusion levels indicate that FSF could be 

used to reduce environmental pollution by reducing fecal N excretion. This is because the 

accumulation of nitrogen in litter causes high ammonia and smelling environment that can cause 

respiratory diseases both to animal and human beings. Nitrous oxide, which is toxic to our 

environment, could also originate from high nitrogen.  This result was similar to the report 

obtained by Rajabi et al. (2017) using pomegranate peel extract in fattening lambs as a feed 

supplement. Vallejo et al. (2016) reported that the addition of natural feed additive such as 

xylanase (at 3 µl/g) to sheep diets could reduce excretion of N through fecal and urine. 

The linear positive effect of the diets on daily N balance in the present study was similar to that 

reported by Soroor et al. (2013) when fattening Mehraban lambs were fed Echium ammonium 

extract up to 1.5 mL/ kg of diet DM. Conversely, this result was not in agreement with the result 

observed by Emeruwa (2016) using FSF as a supplement in West African dwarf sheep, as they 

observed that N retention was greater in control compared to the treatments. However, both in 

this study and in the study reported by Adebiyi et al. (2009), FSF has no significant effect on N 

balance and N retention. The differences among studies could be due to different experimental 

conditions. This study was conducted in a semi-arid region, while Emeruwa (2016) conducted 

their trial in a tropical region. Other factors, as dietary and breed differences, could have also 

influenced the results. 

These results on apparent digestibility indicated that FSF enhanced the absorption of amino 

acids by the wether hence making it available at tissue levels (Bahrami-yekdangi et al., 2015). 

These results are contrary to those obtained by Emeruwa (2016), who found that West African 

Dwarf sheep fed diets containing FSF at the same levels of inclusion than in the present study 

had numerically greater CP and EE digestibility values for control compared to other treatments, 
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though there was no significant difference. This difference in the results could be due to 

differences in breeds and diet composition. The lack of no significant effect of FSF on DM, 

OM, EE, and CF, may be attributed to similarity in the digestibility of the experimental diets, 

particularly crude fibre digestibility (Van Soest 1994). Additionally, the relative similarity in 

the physical characteristics of the experimental diets may be the reason(s) for no intake 

differences among the experimental sheep. A study by Riaz et al. (2014) on experimental 

animals demonstrated that feeds' physical characteristics could not be underestimated as it plays 

a huge role in feed intake. They went forward to explain that physical properties are as important 

as the nutrients composition of diets since it will influence palatability and promote intake (Riaz 

et al., 2014). 

 3.5.   Conclusion 

This study showed that adding 4 % FSF to the diets of Dohne-Merino wethers gives a better 

improvement than other levels of FSF inclusion on DMI, feed efficiency, ADG, total weight 

gain, N retention, and apparent nutrient digestibility of most of the nutrients. In addition, the 

wethers on this treatment consumed the lowest volume of water, making them more suitable in 

South Africa with the resist water crisis (draught). These results suggested that FSF's inclusion 

at 4 % in the diet could be potentially used as a performance enhancer by both smallholders and 

commercial farmers. Therefore, larger-scale experimentation and in communities could be 

possible studies to established the supplements. Also, FSF's effect on blood parameters and 

potential anthelmintic will be very important to understand its biochemistry. 
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Chapter 4 

 

Hematobiochemical and parasitic profiles of Dohne Merino wethers fed diet 

supplemented with varying inclusion levels of fossil shell flour  

(Submitted to Journal of Applied Animal Research) 

 
Abstract 

The current study investigated the effects of feeding different concentrations of FSF on 

hematobiochemical profiles and the gastrointestinal parasitic loads of Dohne Merino wethers. 

A total of twenty-four Dohne Merino wethers weighing 20 ± 1·5 kg were used in a complete 

randomized design with six wethers per treatment. The wethers were fed a basal diet, 0% 

FSF, basal diet +2%FSF, basal diet +4% FSF or basal diet + 6% FSF of diet DM for 105 days. 

Blood and faecal samples were collected on day 0, 10, 30, 70, and 100 of the feeding trials for 

the examination of different haematological parameters, serum biochemical indices, and faecal 

egg count using McMaster Technique. The white blood counts increased in wethers fed diets 

containing 4 % and 6% FSF from day 10 to 100 compared to those on 0% and 2 % FSF (P < 

0.05). Red blood cell counts also increased in wethers on a diet with 4% FSF, and partially in 

those with 6% FSF throughout the experimental period compared to wethers fed on a diet with 

0% (control) (P<0.05). In serum biochemistry, blood urea was highest in wethers with 0% FSF 

and lowest in 6% (P<0.05). Wethers fed on a diet with 4%FSF showed an increase in blood urea 

from day 30 to day 100 but not different from those on 0% and 2% FSF inclusion levels (P < 

0.01). The total protein concentration, albumin, total bilirubin, Na, K, glucose, Cholesterol, and 

liver enzymes were all within the normal range. Serum creatinine level was significantly lower 

in wethers on a diet with 4% FSF compared to those on 0 % FSF (P<0.05). Haemonchus and 

Coccidian egg count was low in wethers fed diets with 2%, 4%, and 6% FSF (P< 0.01)



145  

While they remain unchanged in wethers fed with 0% FSF inclusion levels, it was concluded 

that the inclusion of FSF at 4% improves haematological and serum biochemistry parameters 

were leading to a remarkable reduction in parasite loads. Supplementing FSF at 4% inclusion 

concentration can be an alternative to inorganic anthelmintic in sheep production. 

Keywords: Fossil shell flour, Blood haematology, Blood biochemistry, Fecal egg count, and 

Dohne-merino. 

4.1.   Introduction 

The productive performance of sheep largely depends on their health status. Therefore, 

assessing the health of the sheep is essential in addressing anomalies that might negatively affect 

their performance (Gwaze et al., 2012). Growth rate and body condition scoring are some of the 

past methods to evaluate the health status of small stock (Douglas et al., 2012). However, these 

methods cannot give an immediate, accurate, and precise picture of the health status like blood 

profile and faecal egg count analysis (Schröder and Staufenbiel, 2010). Several factors, such as 

age, sex, and breed, dictate the blood constituents of farm animals. Other factors include the 

quantity and quality of feed, presence of antinutritional factors in the feed, and types of feed 

additives in the feed (Etim et al., 2014; Babeker and Bdalbagi, 2015).  

Endo-parasites constitute a significant constraint to sheep production (Catorci et al., 2012). This 

is because sheep pick up many gastrointestinal parasites and other diseases causing parasites 

because of their feeding habits such as grazing near the ground. Thus, gastrointestinal parasites 

impede sheep's performance by interfering with host physiologic and metabolic processes 

leading to hematobiochemical imbalances and weight loss (Odoi et al. 2007). Recently, the use 

of feed additives in ruminant diets has received substantial attention, especially as growth 

enhancers and rumen manipulators for mitigating methane production (Anassori et al., 2015). 

These substances are added to improve diet quality and animal performance (Frater, 2014). 

Studies have shown that the inclusion of feed additives, such as organic additives, affects the 

composition of the animals' blood profile (Wang et al. 2016). Other importance of feed additives 
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includes antimicrobial activity, manipulation of rumen microbes against dietary energy loss, 

and methane production, among many other things. Wang and Wang (2016) reported that the 

inclusion of Chinese herbal medicine (plant extracts) improves the functions of the immune 

system and antioxidation, as well as the digestion and metabolism of goats. Several additives 

have been used in ruminant feeds, including antibiotics, probiotics, prebiotics, plant extract, 

herbs, and organic substances. However, chemical-based additives have resulted in antibiotic 

resistance and the spread of resistant bacteria to other animals and human beings (Chang et al., 

2015). Also, antibiotics, prebiotics, probiotics, enzymes, and herbal extracts are expensive and 

sometimes not reachable and affordable to communal farmers. There is, therefore, a need to 

replace antibiotics and these feed, as mentioned above additives with organic feed additives that 

are cheap, available, and able to produce healthier meat and still achieve optimum production 

(Ruiz Garcia et al., 2011). One of such alternatives can be fossil shell flour.  

Emeruwa (2016) reported that serum chemistry in terms of urea, cholesterol, total protein, and 

alanine aminotransferase (ALT) of West Africa Dwarf Sheep fed diets supplemented with 

varying amounts of fossil shell flour were not significantly different among the dietary groups. 

However, a significant decrease was recorded for albumin (g/dL) and glucose (mg/dL) for sheep 

on 0 % inclusion level of fossil shell flour than diets supplemented with fossil shell flour (P < 

0.05). This implies that more energy and protein will be available for productive and 

reproductive performance in animals supplemented with FSF, thereby increasing the animal's 

general output. Though research on FSF's effect on some blood parameters of West Africa 

Dwarf Sheep had been done, it is imperative to note that these findings may not be true for 

other breeds of sheep, especially those in a different climatic region. Moreso, there is a need to 

carry out a complete heamatobiochemical profile of sheep fed varying FSF levels. Also, FSF's 

effects on prevalent endo-parasites that affect sheep production in the Eastern Cape of South 

Africa needs to be verified. Hence, this study using Dohne Merino in a semi-arid region. 

Examination of a faecal sample of a sheep also indicated the sheep's internal condition, 

especially the gastrointestinal tracts. Endo-parasites are a major constraint to small ruminant 
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production (Catorci et al., 2012). Thus, gastrointestinal parasites impede sheep's performance 

by interfering with host physiologic and metabolic processes leading to hematobiochemical 

imbalances and weight loss (Odoi et al., 2007). In the past, chemical-based dewormers that 

animals had recently developed resistance to has been used to control gastrointestinal parasites 

in livestock. However, fossil shell flour (FSF) has been used to deworm livestock naturally in 

recent times. Koster (2013) reported that the addition of 2% FSF to heifer diets inhibits the 

growth of internal parasites and worms. Similarly, Bennett et al. (2011) showed that the 

inclusion of 2% FSF into the diets of laying birds significantly increase total weight gain, and 

feed efficiency, egg-laying and decrease parasite load in 2 breeds of commercial egg layers: Bovan 

Brown (BB) and Lowmann Brown (LB). 

Among the lists of feed additives, the most recently sought for are the organic feed additive 

such as fossil shell flour. It is a naturally occurring, silicon-rich sedimentary rock from a single-

celled plant called diatoms (Koster 2013; Ikusika et al. 2019). The FSF is readily available, cost-

effective, healthy, and eco-friendly for sheep (Ikusika et al., 2019). Given the importance of 

heamatobiochemical and parasitic profile in determining the health status of sheep, which is 

still a concern with sheep farmers, it is crucial that as a substitute is being sought for chemical-

based feed additive by using FSF, sheep farmers will have knowledge of quantity and duration 

of feeding FSF in the diets of sheep. Also, suppose the replacement of antibiotics with FSF in 

the diets of sheep could be established. In that case, sheep farmers will save more money, 

consumers of mutton can have healthier meat, and our environment can be void of pollutants. 

Therefore, the current study was conducted to evaluate the effects of varying inclusion levels 

of FSF in Dohne -merino sheep diets on blood parameters and gastrointestinal parasite loads. It 

was hypothesized that fossil shell flour in Dohne Merino wethers’ diets would improve blood 

parameters and gastrointestinal parasite loads. 

4.2.    Materials and Methods 

4.2.1. Study site description 

The study site was described in section 3.2.2. 
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4.2.2.    Animal, experimental design and management 

The animal, experimental design, and management are the same as described in section 3.2.3. 

 
4.2.3.   Experimental Diets 

The processing and composition of the experimental diets is the same as described in 

section 3.2.4 

4.2.4.   Analytical procedures 

4.2.4.1.   Mineral analyses 

Mineral analyses were as described in 3.2.5.2 

 
4.2.4.1.1.   Proximate analysis of the experimental diets 

The procedures and the methods were as described in section 3.2.5.1 

 
4.2.5.    Blood sample collection and analyses 

Blood samples from five wethers per treatment were collected on day 0, 10, 30, 70, and 100 at 

0800 hours before feeding. Blood was collected from the jugular vein into a bijou bottle. From 

each wether, 10 mL of blood samples were collected into three separately labeled sterile bijou 

bottles. A blood sample of about 5 ml was deposited into a bottle containing 

ethylenediaminetetraacetic acid (EDTA) solution (concentration) for heamatological analyses. 

For serum biochemical studies, 3ml of the blood sample was deposited in the second sterile bottle, 

which was anticoagulant free, and 2 mL of blood samples were collected in sodium oxalate 

fluoride bottles for glucose concentration determination. The tubes were labeled with the wethers 

identification number and put in a cooler box containing ice packs, and transported to the 

laboratory within two hours. 

Analyses on heamatological were done the same day the blood samples were collected. The total 

red blood cells (RBC) counts were determined by a microscopic method using a counting chamber 

after dilution with Eayemis solution. Total white blood cells (WBC) count was carried out using 

the improved Neubauer haemocytometer chamber with 2 % acetic acid as diluents as described 

by John (2012). Blood platelet counts were determined by diluting a small blood smear with 1% 

ammonium oxalate before counting in a counting chamber (heamocytometer) using light 

microscopy, according to Douglas and Harold (2012). The packed cell volume (PVC) was done 
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by the microhaematocrit method, while haemoglobin (Hb) estimation was done using the alkali-

haematin method as described by John (2012). The mean corpuscular haemoglobin (MCH), mean 

corpuscular haemoglobin concentration (MCHC), mean corpuscular volume (MCV) were 

calculated from RBC, Hb, and HCT values as described by John (2012). 

Blood samples in the anticoagulant-free bottles were allowed to coagulate at room temperature 

before centrifuged at 3500 rounds per minute (rpm), at 10oC for 15 minutes (Model 5403 

centrifuge, Gatenbay Eppendorf GmbH, Engelsdorp, Germany). This enables the separation of 

serum from the blood cells' components. The serum samples were then transferred to 1.8 ml 

cryovials and frozen at -20oC until blood metabolites were determined. Serum samples were 

analyzed for total protein (TP), albumin, and creatinine by the methods described by (Lowry et al. 

(1951), Tietz (1995), and Wu (2006), respectively. Serum urea concentration was also determined 

following the method described by Tietz (1995). Globulin was calculated as the difference in 

concentration between total protein and albumin. Analysis for glucose was carried out following 

the method described by Gochman and Schmitz (1972). 

 

4.2.6.   Determination of fecal egg counts 

Fecal samples were collected from five wethers per treatment, directly from the rectum using a 

glycerine lubricated latex glove with the middle finger. One hundred grams of fecal per wether 

were collected on days 0, 10, 30, 70, and 100. Samples were collected and immediately kept in 

a labeled polythene bag and stored in a cooler box at 4 ºC and were transported to the laboratory 

for analysis the same day. Sodium chloride was used as the floating medium, and modified 

Mcmaster techniques were used to determine fecal egg count. Fecal samples (4 g) were 

thoroughly mixed with NaCl's saturated solution (56 mL). The number of nematode eggs per 

gram (g) of fecal was obtained by multiplying the total number of eggs counted in the McMaster 

slide's two squares by the dilution factor of 50 (Whitlock 1948). The modified McMaster 

technique detects 50 or more eggs per g of fecal. This technique is the most widely employed 

method for this purpose. It is quick, and the eggs are floated free of debris before counting. 
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Also, the method is robust and accurate (Levecke et al., 2012). The keys developed for 

nematode egg types identification (Uhlinger, 1991; Foreyt, 2013) were used to identify four 

common species of worms and protozoa using the sedimentation method described by Soulsby 

(1982). 

4.2.7.   Statistical analyses 

Data were analyzed using the general linear model procedure of SAS (2011). The effects of 

varying inclusion levels of FSF inclusion and week on faecal egg counts (FEC) and blood 

profile were determined. Terms in the model were treatments (0%, 2%, 4% and 6%), days of 

sampling (0,10,30,70, and 100), and the interaction between days and treatments. The FEC was 

transformed using log10 (FEC + 1) to normalize the data. Turkeys’ studentized range test was 

used to test the significant differences between means when the F-test was significant at P <0.05. 

 

4.3 Results 

4.3.1. Serum biochemistry 

The concentration of glucose in wethers fed on diets with 2%, 4%, and 6% was higher than 

those fed with 0% FSF diet (P<0.05). Wethers fed on a diet with 2% FSF had the highest 

concentration of glucose at day 70 and day 100, which was higher than wethers fed with 0%,4%, 

and 6% FSF diets at the said days of sampling (P < 0.05). Glucose concentrations of wethers on 

4% and 6% FSF diets were higher than wethers on 0% FSF diet at the last 2 days of the sampling 

period (P < 0.05). The total protein concentration was lesser in wethers fed on a diet with 0 % 

FSF compared to wethers fed with 2%, 4%, and 6% FSF at all the sampling days except day 30 

(P<0.05). There were no significant differences among them from day 30 to day 100 except in 

wethers fed on a diet with 6% FSF. For urea concentration, all the values in wethers fed on diets 

with 2%, 4%, and 6% FSF were lesser than the values in wethers fed on a diet with 0% FSF at 

all the sampling days(P<0.05). However, urea concentration for wethers on 0 % and 2% FSF 

was not different statistically, but they were significantly different from wethers on 4% and 6% 

FSF diets (P < 0.05). There was no much variation among the wethers on all the minerals 
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concentration diets (Na and K), especially at day 100. For ALT concentration, wethers fed on 

diets with 2%,4 % and 6 % FSF were significantly higher (P < 0.05) than wethers on 0% FSF 

diet at days 30 ,70 and 100 (Table 4.1). 

In the serum biochemistry parameters, a negative correlation exists between the serum minerals 

(Na+= -0.184 and K+= - 0.236) and total protein (Table 4.3). However, serum urea and total 

protein showed a positive correlation (P = 0.365). Similarly, Bilirubin had a positive correlation 

with total protein. 

 

4.3.2.   Hematological parameters 

The white blood cell (WBC) counts of wethers fed diet containing 0%, and 2% FSF were greater 

(P<0.05) than wethers fed on diets with 4% and 6% FSF at all the sampling days (Table 4.2). 

Though lower WBC counts were observed at 0 and 10 day in wethers fed diets with 4 % and 6% 

FSF, an increase was noticed for WBC in wethers on diets with 4% at day 10 and 6 % FSF at 

day 30. There were statistical variations (P=0.0003) among the wethers on 2%, 4%, and 6% 

FSF diets, as well as 0 % FSF diet. Wethers fed on a diet with 4% FSF had higher red blood cell 

(RBC) counts compared to wethers on 0 %, 2%, and 6% FSF diets at day 30, 70, and 100. 

Likewise, there were significant variations in MCH, Hematocrit, Platelet, RDW, MCHC, and Hgb 

in wethers on 0% FSF diet and fed 2 %, 4%, and 6% FSF (P <0.05; Table 4.2). 

4.3.3.  Fecal egg count 

The addition of FSF to the diets of wethers at 4% and 6% inclusion rate eradicates (P < 0.05) 

coccidia protozoa at day 30. In comparison, 2% FSF inclusion could only reduce to a lower 

number but could not eliminate the parasite (Fig 4.1). At 2% FSF inclusion, wireworm was 

reduced to zero levels at day 30, while 0% of FSF supplementation remained unchanged in the 

population during the same period. FSF's effect on conical and liver fluke worms is 

demonstrated in Fig 4.2, 4.3, 4.4, and 4.5. Addition at 2% inclusion gives total eradication
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                               Table 4.1: Blood biochemistry of sheep fed varying amounts of FSF 

 

Parameter  Day  Treatment SEM P-value 

1 2 3 4 Trt Day Trt*Day 

Na (mmol/l) 0 

10 

30 

70 

100 

144.0bc 

145.66a 

143.0a  

144.0a 

143.0a  

146.33ab  

144.0a 

145.0a  

142.66a 

141.66a 

151.0a  

147.66a 

142.0a  

144.33a 

143.33a 

146.0ab 

144.66a 

143.0a 

143.33a 

142.33a 

0.579 0.048 0.000 0.065 

K (mmol/l) 0 

10 

30 

70 

100 

4.96bc 

5.10a 

5.60ab  

5.00ab 

5.00ab 

5.00b 

4.90a 

5.66a  

5.033ab 

5.033ab 

7.03a  

4.56b 

5.0bc 

4.86ab 

4.86ab 

4.833bc 

5.2a 

4.96bc 

4.63c 

4.63c 

0.0141 

 

0.125 0.011 0.001 

Urea (mmol/L 0 

10 

30 

70 

100 

6.66a 

6.06a 

6.40a 

6.10a 

6.10a 

6.60a 

6.05a 

6.35a 

6.06a 

6.08a 

4.93bc 

6.08a 

5.73c 

5.79a 

5.83a 

5.23ab 

6.16a 

6.20b 

5.10b 

4.80b 

0.176 0.000 0.004 0.158 

Triglycer (mg/dl) 0 

10 

30 

70 

100 

0.11b 

0.20c 

0.20b 

0.17c 

0.15d 

0.10b 

0.19d 

0.22a 

0.24b 

0.26b 

0.18a 

0.38a 

0.19c 

0.41a 

0.43a 

0.18a 

0.33b 

0.12d 

0.15d 

0.18c 

0.0172 0.000 0.0001 0.0001 

Cholest. 

(mmol/L) 

0 

10 

30 

70 

100 

1.45ab 

1.37a 

0.98a 

1.01a 

1.13a 

1.42ab 

1.27a 

1.06a 

1.09a 

1.10a 

2.14a 

1.34a 

1.13a 

1.31a 

1.33a 

1.56ab 

1.24a 

1.21a 

1.27a 

1.26a 

0.0711 0.012 0.000 0.444 

ALP (U/L) 0 

10 

30 

70 

100 

52.66b 

141.33b 

163.0b 

129.66b 

125.66b 

58.33b 

91.66c 

126.0c 

146.0b 

145.0b 

145.66a 

210.33a 

211.33a 

223.33a 

220.3a 

54.33b 

84.33c 

73.66d 

72.66c 

70.66c 

11.5 

 

0.000 0.001 0.684 
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Bilirubin (mg/dl) 0 

10 

30 

70 

100 

6.66a 

7.66a 

6.0a 

5.66a 

5.66a 

7.0a 

6.0c 

5.12b 

4.0c 

4.0c 

5.0b 

6.66b 

4.42c 

3.33d 

3.33d 

6.66a 

4.66d 

3.66d 

5.0b 

4.66b 

0.298 0.001 0.000 0.000 

Albumin (g/L) 0 

10 

30 

70 

100 

12.66a 

13.0a 

12.66a 

13.0a 

12.50a 

13.0a 

12.0b 

12.0b 

12.66a 

12.16a 

12.66a 

13.33a 

12.33a 

13.0a 

12.85a 

12.33a 

12.0b 

12.33a 

13.0a 

12.90a 

0.171 0.137 0.103 0.501 

Glucose(mmol/L) 0 

10 

30 

70 

100 

2.53b 

2.76a 

2.60a 

2.25c 

2.20c 

2.30bc 

2.65a 

2.76a 

3.66a 

3.97a 

2.63b 

2.60a 

2.53a 

2.96b 

3.02b 

4.06a 

2.50a 

2.52a 

2.73b 

2.76b 

0.151 0.224 0.210 0.008 

Protein (g/L) 0 

10 

30 

70 

100 

61.0b 

57.66ab 

59.0a 

57.66b 

60.66b 

54.33c 

61.0a 

53.66b 

58.33b 

63.33b 

54.0c 

57.33ab 

58.2a 

58.50b 

61.0b 

68.66a 

56.0bc 

62.0a 

65.33a 

68.33a 

1.98 0.001 0.738 0.094 

Creatine (mg/dl) 0 

10 

30 

70 

100 

105.33a 

79.33a 

61.33a 

61.0b 

60.80b 

91.66b 

71.66b 

54.66b 

69.33a 

69.93a 

78.33c 

60.66c 

51.33b 

53.33c 

52.12c 

64.33d 

55.0d 

48.33b 

63.33b 

65.10ab 

3.29 0.001 0.000 0.194 

 

 

 

            
abcmean values with different superscript across the row are significantly different (P < 0.05). 

                   T1 = 0 % FSF diet, T2 = 2 % FSF diet, T3 = 4 % FSF diet and T4= 6 % FSH diet. 
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          Table 4.2: The hematological parameters of sheep fed varying amounts of FSF. 

 

Parameter  Day  Treatment SEM P-value 

1 2 3 4 Day Treat Day* Treat 

MCHC (g/dl) 0 

10 

30 

70 

100 

48.96b 

33.53b 

57.10a 

55.60a 

56.46a 

 

41.80c 

53.00a 

51.87a 

56.07a 

56.93a 

66.80a 

51.17a 

56.26a 

42.43b 

41.57b 

37.06c 

37.83b 

42.13b 

45.36b 

46.23b 

3.479 0.031 0.0001 0.0001 

RDW (%) 0 

10 

30 

70 

100 

34.17b 

33.07b 

29.77c 

32.90c 

31.90c 

36.63a 

34.93ab 

35.60a 

35.40ab 

36.00ab 

32.97bc 

35.67a 

33.93b 

37.20a 

37.80a 

38.66a 

30.86c 

33.93b 

35.53ab 

36.53ab 

1.078 0.004 0.0004 0.0063 

MPV (%) 0 

10 

30 

70 

100 

6.83a 

7.27a 

6.50b 

5.63c 

4.63c 

5.77c 

5.70c 

7.73a 

7.73a 

8.73a 

6.27b 

6.53b 

6.00c 

6.47b 

7.47a 

6.06bc 

6.33b 

6.50b 

6.53b 

7.53d 

0.249 0.116 0.0012 0.0001 

Platelet (×103/μl) 0 

10 

30 

70 

100 

53.6bcd 

30.6cd 

25d 

27d 

23d 

55.5bc 

85.3b 

79.6bc 

74.3c 

71.3c 

59.3b 

61.6c 

93.6b 

103.6b 

108.6b 

95.6a 

108a 

146a 

183.6a 

198.6a 

8 0.000 0.0001 0.0001 

WBC (×103/μl) 0 

10 

30 

70 

100 

59.3a 

60.2a 

54.0a 

53.6a 

50.6a 

30.8b 

30.6b 

25.6b 

13.9cd 

15.9cd 

19.2bcd 

18.3bc 

18.8bcd 

22.2bc 

25.2bc 

25.2bc 

29.8b 

22bc 

34.4b 

38.4b 

6.7 0.278 0.0003 0.5400 

Haemoglo. (g/dl) 0 

10 

30 

70 

100 

10.36ab 

9.90a 

8.43a 

8.60a 

8.80a 

10.56a 

8.43b 

7.93bc 

7.80a 

7.70b 

9.50b 

8.5b 

7.23bcd 

8.10a 

8.40ab 

10.63a 

8.33bc 

8.17b 

8.37a 

8.45ab 

0.502 0.001 0.045 0.842 

Heamotocri.  

(%) 

0 

10 

30 

70 

100 

0.21bc 

0.25a 

0.15cd 

0.14c 

0.13dc 

0.24ab 

0.20ab 

0.18abc 

0.20ab 

0.22ab 

0.16d 

0.19bc 

0.20ab 

0.23a 

0.25a 

0.27a 

0.23ab 

0.22a 

0.20ab 

0.19bc 

0.017 0.002 0.003 0.0003 

MCV (fl) 0 

10 

30 

70 

100 

43.57a 

35.77c 

45.43a 

45.33a 

45.13a 

41.57bc 

45.17a 

43.10b 

44.00a 

45.00a 

40.20c 

43.73a 

44.60ab 

41.60bc 

40.70c 

41.80b 

38.80b 

41.66c 

42.67b 

42.87b 

0.750 0.000 0.002 0.0001 
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MCH (pg) 0 

10 

30 

70 

100 

21.83b 

12.03c 

25.73a 

25.37a 

25.60a 

18.03c 

24.03a 

22.40b 

21.66b 

20.067b 

27.00a 

22.13a 

22.80ab 

17.17cd 

15.43c 

15.93d 

15.63b 

18.00c 

19.43bc 

20.37b 

1.469 0.000 0.0001 0.0001 

RBC (M/µl) 0 

10 

30 

70 

100 

5.05ab 

6.72a 

4.41bc 

3.53bc 

3.5bc 

5.99a 

5.46bc 

4.19b 

4.37b 

4.37b 

3.8bc 

3.86bc 

6.02a 

6.1a 

6.13a 

6.6a 

5.6b 

6.06a 

5.44ab 

5.44ab 

0.594 0.399 0.030 0.000 

   

  abcmean values with different superscript across the row are significantly different (P<0.05).  

                        T1 = 0% FSF diet, T2 = 2% FSF diet, T3 = 4% FSF diet and T4= 6% FSH diet. 
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                                             Table 4 3: Correlation between the blood biochemical parameters. 

 

Parameter

s 

Creatin

e protein 

Albumi

n 

Total 

Bilirubi

n ALT ALP Cholest. 

Triglyce

r Urea k 

N

a 

Protein 0,201           

Albumin 0,282* 0.084*          

Total 

Bilirubin 0,335** 0,169 0,106         

ALT 0,187 0,093 -0,012 -0.302*        

ALP -0,169 

-

0.364**

* 

0.387**

* 0,073 -0,152       

Cholest. 0.342** 0,065 0.263* 0,029 

0.510**

* -0,052      

Triglycer -0.337** 

-

0.526**

* 0,171 -0,230 0,064 

0.602**

* 0,011     

Urea 0.308* 

0.342**

* -0,131 0.274* 

-

0.396**

* -0,219 -0.254* 0.394***    

K 0,014 -0,236 

-

0.365**

* 0,060 0,225 -0,001 0,242 -0,133 

0,06

6   

Na 0,175 -0,184 0,233 -0,005 

0.364**

* 0,078 

0.684**

* 0,181 

-

0,09

3 

0.393**

*  

 

                     The level of significance was set at ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001 
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Figure 4 1: Counts of coccidia in Dohne-merino wethers fed varying   

levels of FSF for 100 days shown as means ± standard errors



158  

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 4 2:  Counts of wireworm in Dohne-merino wethers fed varying  

levels of FSF for 100 days shown as means ± standard errors
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Figure 4 3: Counts of conical fluke wormin Dohne-merino wethers fed varying  

levels of FSF for 100 days shown as means ± standard errors. 
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Figure 4 4: Counts of Long-necked worms in Dohne- merino wethers fed varying  

levels of FSF for 100 days shown as means ± standard errors 
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Figure 4 5: Counts of Liver flukes’ worm in Dohne-merino wethers fed varying 

 levels of FSF for 100 days shown as means ± standard errors.
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        of these worms at 100 day. Fossil shell inclusion at 2% did not eradicate long-necked 

worms at 100 days except on a higher inclusion level of 4% and 6% inclusion rate (Fig 4). 

 

4.4.  Discussion 

Haematological indices, especially the white blood cell and the red blood cell, are great 

indicators of sheep production's health status. There was an increase in WBC counts in wethers 

fed 4% and 6% FSF from day 30, while a decrease was observed in wethers on 0% and 2% FSF 

diets during the same period. This showed that the addition of FSF at 4% (T3) and 6% (T4) to 

the diets improved the wethers' white blood cell from 30 days. However, no significant effect 

was recorded (p>0.05) among them. The findings observed in this present study agreed with 

Emeruwa (2016) report, who reported no significant difference between the control and the 

other treatments in sheep fed on different amounts of FSF. The increase in circulating WBC 

observed in wethers fed 4% and 6% FSF from day 10 to 100 could indicate heightened functions 

of the sheep immune system. The WBC is known to fight foreign bodies in the system (Babeker 

and Bdalbagi 2015). This observation agrees with the findings of Weaver et al. (2013), who 

reported that the addition of FSF into the feeds of young gilts improves the immunity system 

against Aflatoxin. 

The mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), red blood cell 

distribution width (RDW), and mean corpuscular haemoglobin concentration (MCHC) are 

related to individual RBC and are important for the diagnosis of anaemia. Mean corpuscular 

haemoglobin concentration (MCHC) is the concentration of haemoglobin in red blood cells. In 

all the treatments considered in this study, RBC, MCV, MCH, Hgb, and Hematocrits values 

indicate that inclusion of FSF into Dohne Merino wethers' diets improves the hematological 

blood parameters. This buttresses the point that FSF inclusion in feed has the capability of 

supporting the high oxygen-carrying capacity of the blood. This finding is in agreement with 

the reports of Babeker and Bdalbagi (2015). 

Blood urea is an indicator of protein metabolism conditions and dietary amino acid balance in 



171  

animals (Tao et al., 2018). Jiwuba et al. (2017) associated high blood urea levels with poor 

protein quality in the animal feed. The similarity in the values of blood urea observed between 

the 0% FSFdiet and FSF supplemented diets in this study indicates that FSF's addition in the 

diets of Dohne -Merino wethers did not negatively affect the quality of the protein in the feed. 

Though, wethers on 4 %FSF diet tended to increase in blood urea at day 30 to 100 yet not 

different from wethers on 0 % and 2 %FSF diets but different from wethers on 6 % FSF diet. 

This implies that FSF's addition in the diets of Dohne-Merino, wether more than 4 % inclusion 

levels, will lead to high levels of urea in the blood. This could be because FSF increases protein 

concentration in the rumen of sheep, and excess protein may be broken down to ammonia in 

the rumen, which will be transported to renal organs through the blood in the form of urea. 

Hence, there will be more urea in the blood. This is in agreement with the findings of   Chaves 

et al. (2011) and Baharami et al. (2015), who all reported a negative correlation between rumen 

ammonia nitrogen and blood urea. 

The total protein concentration, albumin, total bilirubin, Na, K, glucose, cholesterol, and liver 

enzymes were normal for wethers. This suggests that the experimental wethers were in good 

health conditions and the FSF supplementation had no adverse effects on their productivity 

(Ikusika et al., 2019). The total protein level improvement observed for wethers on 2 %, 4 %, 

and 6 %FSF diets compared to wethers on 0 % FSF diet shows that more nitrogen was available 

at the tissue level due to FSF supplementation. However, no statistical difference was observed 

among the FSF supplemented diets and non-supplemented diets. This is similar to Emeruwa 

(2016) report, which found no significant differences between control and treatment fed with 

varying amounts of FSF in West Africa dwarf sheep.  

Serum creatinine level was significantly lower in wethers on 4 % FSF diet as compared to 

wethers on 0 %, 2 %, and 6 % FSF diets at day 100 of the experiment. This low serum creatinine 

level in T3 (4 %) indicates FSF's good health impact at 4 % inclusion amounts. Creatinine is a 

waste molecule resulting from protein metabolism, and its low concentration depicts reduced 

catabolism rate in wethers on a 4 % FSF diet (Paswan et al. 2016). 
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Serum glucose witnesses’ reduction at all the sampling days in wethers on 0% FSF diet, initial 

retardation in wethers with 4% and 6% FSF diets but increased in wethers on 2% FSF diet at 

all the sampling days. However, there was no significant variation among wethers on all the 

varying inclusion levels of FSF except at 70 days and 100 days. Wethers on 0% FSF diet were 

statistically lower (P<0.0001) than diets supplemented with the FSF group. This agreed with 

Malekkhahi et al. (2015), which reported higher values for blood glucose in Baluchi lambs fed 

on diets supplemented with essential oil, yeast culture, and malate compared with 

the control. Conversely, the result is contrary to the result obtained by Emeruwa (2016), who 

reported higher serum glucose for control compared to the FSF supplemented group. This could 

be due to breed, climate, and diet differences. 

Economic losses resulting from gastrointestinal parasites are major problems in small ruminant 

production in semi-arid and arid regions. Haemonchus contortus has been reported to cause 

anaemia, hematological and biochemical turbulences, low immunity, poor wool quality, and 

sometimes mortality in sheep (Sanmarie Vermaak 2019). 

From this study, FSF seems to effectively reduce wireworm, long-necked worm, liver fluke 

worm, conical fluke worm, and coccidia. Wethers fed on diets with 4% and 6% FSF, at day 30, 

had a remarkable reduction in counts of various worms considered while wethers fed 2% FSF 

had decreased in the counts of worms investigated day 70. This finding confirmed the report of 

Deutschlander (1993); McLean et al. (2005), and Bennett et al. (2011), who all reported that 

inclusive of 2% FSF to the diets of lambs improve sheep performance and reduce 

gastrointestinal parasites. They also reported that it takes a minimum of 75 days of regular 

inclusion of FSF to reduce gastrointestinal parasites. Similarly, Bernard et al. (2009) observed 

that Spanish/Boer cross goats fed on varying inclusion amounts of FSF at 1.77 g, 3.54 g, and 

5.31 g per kg had significant mean weight gain fecal egg count reduction as the inclusion 

amounts increased. The action of FSF against these parasites could be because the 

characteristics of the surface of fossil shell flour such as abrasiveness, acidity, solubility, 
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hydrophobicity, absorption functionalities with a crystal structure of FSF dehydrate worms and 

at the same time, the abrasive nature cut the worms thereby euthanizing them. Akin et al. (2000) 

and Yuan et al. (2010) suggested that both the physical and chemical properties of diatomaceous 

earth (FSF) are effective against gastrointestinal parasites, which is believed to be the reason 

for feacal egg count reduction in this study. 

4.5. Conclusion 

The results show that supplementing Dohne Merino wethers on diets with FSF at a 4% inclusion 

rate positively affects the serum urea, total protein, and glucose but does not alter the other 

parameters' normal serum range. Similarly, the RBC, WBC, Platelet, Hgb, RDW, and 

Hematocrit were improved with 4% inclusion amounts in the diets of Dohne- merino which 

indicates good immunity and good health effect of FSF for wethers on 4%. The remarkable 

reduction in faecal egg count for 2%, 4%, and 6%FSF inclusion levels showed that FSF could 

be an effective anthelmintic for Dohne-Merino wethers in the semi-arid region. However, the 

effect of the improvement observed on parasitic load, and blood profile in this chapter due to 

FSF inclusion needs to be investigated on the wool parameters, body condition scores, and feed 

preference in Dohne Merino. 
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Chapter 5 

 

Influence of fossil shell flour supplementation on feed preference, body condition 

scores and wool parameters of Dohne Merino wethers 

 
Abstract 

The abundance of fossil shell flour (FSF) globally has increased interest in its use as a feed 

additive in sheep diets. This study evaluated the effects of FSF's varying inclusion levels 

on feed preference, body condition scores, and wool parameters of Dohne Merino (DM) 

wethers. Twenty-four DM wethers, weighing 20 ± 1·5 kg on average were fed dietary 

food-grade fossil shell flour in a completely randomized design of four treatment with six 

wethers in each treatment. The wethers were fed a basal diet without FSF addition (control, 

0%), or FSF (2%, 4%, or 6%) into the diet DM for 105 days. Average daily weight gain 

and body condition score of 2%, 4%, and 6 % FSF inclusion levels were higher (P < 0.05) 

than the control 0%. Wool yield, staple length, a coefficient variation of the fibre diameter, 

and fibre <15% of wethers supplemented with FSF were higher (P < 0.05) compared to the 

diet without FSF. The fibre diameter of the wethers supplemented with FSF was the same 

(P>0.05) as the control. Dohne Merino wethers preferred FSF supplemented diets to those 

without FSF supplement. The inclusion of FSF in DM wethers' diet up to 6% DM showed 

improvement in the average daily gain and body condition scores, feed intake through 

preference, wool yield, and quality. Thus, the addition of FSF in the diets could be 

advantageous in Dohne-Merino wethers' performance and production with the potential of 

increasing both the quantity and quality of wool. 

Keywords: Fossil shell flour, body condition scores, feed preference, wool parameters, 

Dohne-Merino 
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5.1.   Introduction 

Sheep plays a major part in the global agricultural economy by producing wool and mutton, 

with the world’s sheep population estimated to be over 1.173 billion (FAO, 2016). In South 

Africa, sheep contributes about 10% of the total income from animal products, and wool 

contributes more than half of the 10% (Naidoo et al., 2016). The most used natural animal fiber 

for fabrics, carpets, upholstery, saddle cloths, and horse rugs (IWTO, 2015). Common wool 

breeds include Merino, Superfine wool, Nilgiris, Chinese Merino, Corriedale, Dohne Merino 

(Cloete et al., 2012; Saxena et al., 2015). Among these, the Dohne Merino is known to produce 

uniform, high quality, and fine wool (Esfandyari et al., 2011). Around 40 % of the total South 

African wool sheep are Dohne Merino breed (DAFF, 2016). 

Over the last three decades, the demand for lighter-weight fabrics by consumers and competition 

from synthetic fabrics has made the production of quality wool of utmost importance to the 

sheep industry (Mortimer et al., 2017). Fiber diameter, fibre diameter coefficient of variation, 

comfort factor, fibre curvature, spinning fineness, staple length, staple strength, and clean fleece 

yield are the major determinants of wool quality (Cottle et al., 2013). The quality and quantity 

of wool are determined by factors such as sheep, nutrition, gender, and nematode infection 

(Salehian et al., 2015). The health conditions of a sheep affect the volume of wool being 

produced, staple length (SL), staple strength (SS) and, fibre diameter (FD) (Naderi et al., 2015). 

Reduction and pigmentation of fibre diameter and clean fleece weight have been caused by 

nematode infection (Sales, 2011). 

Strategies such as dosing with anthelmintic have been widely used to control nematodes in 

sheep and improve wool quality and quantity. McGregor et al. (2016) observed that reduced 

worm load due to frequent treatment by anthelmintic gives rise to better greasy fleece 
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weight (GFW) and FD. However, chemical-based anthelminthic has increased anthelmintic 

resistance, especially in South Africa, where sheep farming is becoming unsustainable. 

Anthelmintic resistance is, thus, fast becoming one of the biggest challenges to wool production. 

Therefore, there is a need to employ more sustainable worm control strategies to reduce reliance 

on routine anthelmintic. One such way could be the use of natural anthelmintics such as fossil 

shell flour (FSF), Zeolites, and LaCl3(Mclean et al.,2005). The FSF is natural, and parasites 

may not develop resistance against it because of certain properties it possesses (As observed 

and recorded in chapter 4). There are suggestions that FSF powder is characterized by abrasive 

action that pierces or scratches the outer protective layer of invertebrates, including internal 

parasites resulting in death by dehydration (Ahmed et al., 2013). 

Gender and physiological status also play a significant role in the wool parameters of sheep. 

Cilek et al. (2015) reported that higher volumes of fleece were found in wethers than ewes. 

There have been suggestions that because ewes and rams have low sulphur-containing amino 

acids such as cysteine and methionine, they do not produce much wool compared to wethers 

(Pal et al., 2010; Fadayifar et al., 2012). As a result, many Dohne Merino producers keep a 

large proportion of their flock as wool production wethers. Nutrition is another major factor that 

determines the wool characteristics of sheep (McGregor et al., 2016). Rangel and Gardiner 

(2009) and Ramos et al. (2019) observed that sheep diets with an average of 15% CP improved 

wool fibre diameter, staple length, and growth rate. Body condition scoring (BCS), a strong 

proxy of sheep's nutritional status, has been reported to have a linear relation to wool growth 

and fibre diameter (Van Burgel et al., 2011). High BCS results in greater wool yield. Fibre 

diameter responds to changes in nutrient availability and average weight gain. Both the macro 

and micro-minerals have been found to play a major role in wool quality and quantity (Fadayifar 

et al., 2012). An adequate supply of minerals such as Zn, Cu, Fe, and pyridoxine is required for 

the production of good quality wool (Silva et al.,2015) 

Pastures in semi-arid and arid regions have low levels of minerals such as Zn, S, Cu, and Fe.  
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 These low levels of Zn, S, Cu, and Fe results in low wool growth rate and poor wool quality 

(NRC,2007). Harsh environmental conditions and redirection of grains from feed to fuel have 

made supplementation feeding increasingly expensive (FAO, 2009; Li et al., 2013). There is, 

therefore, a need to explore supplements that are readily available, cheap, and of good 

nutritional value that can meet this requirement. The FSF, rich in trace elements such as Zn, S, 

Cu, and Fe, is a possible solution (Martin, 2013). Therefore, the application of FSF may enhance 

the nutritional status of Dohne-Merino sheep. 

Fossil shell flour is a deposit of unicellular algae made up of fossilized skeletons of diatoms 

found in ponds, streams, lakes, or seas (Bernard et al., 2009). Fossil shell flour comprises 14 

trace minerals such as Mg Zn, S, Cu, Fe, Ca, Mn, which can be fundamental for improving feed 

preference, body condition scores, and wool quality of sheep. Fossil shell flour is readily 

available, cheap, and has no adverse effects on sheep for now (Ikusika et al., 2019; Chapter 2). 

Feed preference determines the acceptance of feed hence the intake. Low intake results in 

reduced wool growth and low staple length, poor fibre <15%, and poor fibre diameter (Distel 

and Villalba, 2018). Against this background, the study investigated the impact of the inclusion 

of different FSF levels in the diet of Dohne-Merino wethers on wool growth and quality, body 

condition score, and feed preference. It was hypothesized that the influence of fossil shell flour 

supplementation would increase wool parameters, feed preference, and body condition scores 

of Dohne-Merino wethers. 

5.2.   Materials and methods 

5.2.1.  Ethical approval 

As described in 3.2.1. 

 

5.2.2.  Description of study site 

The study was described in section 3.2.2. 
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5.2.3.   Sheep and housing 

Twenty-four Dohne Merino wethers were selected from a commercial farm in Mitford village, 

Tarkastad, Eastern Cape of South Africa. The wethers were about 5 months old and weighed 20 

± 1.5 kg on average. The wethers were used in a completely randomized design of four 

treatments with six wethers per treatment. All the 24 wethers were raised at the same housing 

and equipment facilities in the same area under the same average environmental condition. The 

pens had a similar temperature (23.29 °C), relative humidity (76.75%), dry-bulb temperature 

(24.82 °C), and wet bulb temperature (21.15 °C). They were individually housed in a 1.5 m × 

1.5 m well-ventilated roofed building with concrete flooring for each sheep. The experiment 

lasted for 105 days, excluding 14 days of the adaptation period. The sheep had access to clean 

and fresh water ad libitum. 

5.2.4.   Diets and feeding 

The processing and composition of the experimental diets are the same as described in 

section 3.2.4. 

5.2.5 Analytical procedures 

 
5.2.5.1 Mineral analyses 

The mineral analysis was described in 3.2.5.2 

 

5.2.5.2. Proximate analysis of the experimental diets 

 
The procedures and the methods were described in section 3.2.5.1 

 
5.2.6.  Measurements 

 
5.2.6.1. Wool samples collection and measurement 

An area of approximately 10 cm × 10 cm was shorn on the mid-side left of each wether with a 

clipper (Oster clippers, No 47cutting head, Germany) on day 0 of the experiment. At the end of 

the experiment (day 105), a second patch was clipped, and wool removed 
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from the same spot. Heron’s formula was used to measure and determine the patch area 

described by De Barbieri et al. (2017). The formula stated that the area of triangle=√(s-a) (s-b) 

(s-c), where a, b and c are the sides of the triangle. S is the semi perimeter of the triangle, 

calculated as S=a+b+c/2. The clipped wool was dried in an oven for 48 h at 60 °C and weighed 

to determine the total wool weight. The equation determined wool growth: greasy weight (mg)/ 

area (10×10 cm) divided by the number of experimental days. Greasy wool is the wool in its 

natural state, after removing it from the sheep, before any commercial processing. It contains 

vegetable matters, extraneous soil, yolk, moisture, and suint. Greasy weight was determined by 

the near-infrared method (NIR). The NIR is a spectrophotometer, which uses near-infrared 

energy to measure the amount of grease remaining in a sample of scoured wool. Samples were 

then washed at 90 °C with Clean Plus (a mild soap produced by Clean Plus Chemical, Australia), 

and rinsed twice with cold distilled water to remove impurities and wool grease. This was 

followed by oven drying at 110 °C for 4 h. Samples were then reweighed at a relative humidity 

of 65% to calculate the clean wool weight (Charles et al., 2012). The wool yield was then 

calculated by determining the percentage of clean wool weight relative to greasy fleece weight, 

after which they were packed in a labeled plastic bag and sent to a commercial laboratory (BKB 

Wool (PTY) Ltd, Port Elizabeth, South Africa) where fibre diameter, SD, FDCV, CEM, comfort 

factor, staple length, FD Dev and number fibre <15% were measured according to IWTO 12 

norms as described in detail by Charles et al. (2012). 

5.2.6.2.  Body condition score 

The BCS was carried out weekly before the morning feeding by a trained person. The BCS 

chart was developed based on the system described by Khan et al. (2011) and Kenyon et al. 

(2014). There are 0.5 intervals for scores ranging from 1 (emaciated) to 5 (obese) in this method. 

Scoring was done by touching redundancy and crossing the amount of muscling and fat 

deposition over and around the vertebrae in the loin region. 

  

5.2.6.3.  Feed preference 

For the feed preference test, twenty-four wethers from the section were individually housed in 
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pens (5 × 7 m), having four feeding troughs with identification in a completely randomized 

design with six wethers per diet. The feeding troughs were distributed at an equal distance of 

0.7 m from one another and positioned beside one facing the pens' entrance. Before the trial 

commencement, all the wethers were allowed to acclimatize themselves to the pen and feeders 

for 5 days. After the adaptation period and sequel to an overnight fast, 200 g of each diet 0%, 

2%, 4%, and 6% FSF, was put into the four different feeding troughs in each pen. Each wether 

in each pen with four different feeding troughs containing four different diets was allowed to 

access the feeding troughs for ten minutes daily for a period of 7 days. Daily, the feed was 

rotated to a different feeding trough, and each wether was introduced into the pen for 10 

minutes, and the order they accessed the various feeding trough was noted. The number of times 

the wether visit each feeding trough within the stipulated period were determined by counting 

and recorded as the number of visits (NV). The number of bites per visit by wether for each diet 

was determined by counting and recorded as the number of bites per visit (NBV). Time spent 

on a visit by each wether on each diet was determined using a stopwatch (EMC, Zhejiang, 

China) and recorded as time spent visit (TSV). The dry matter intake (DMI) for each diet was 

calculated by multiplying the percentage dry matter of the feed with the average daily feed 

intake. At the end of the 10 minutes, the feed refusal for each feeding trough was weighed to 

enable the determination of feed consumed. At the end of the preference test, animals received 

1 kg of a mixture of leucine and teff hay. 

 

5.2.6.4. Feed intake 

Feed intake was determined by weighing the feed leftover in feed troughs, including feed 

refusals every day at 0800 h. Amounts of feed that disappeared were considered to be feed 

ingested by the wethers. The feeding troughs are designed to reduce feed spillages. Weights of 

feed leftover were subtracted from the total weight of the feed allocated to each wether and 

divided by 7 to determine average daily feed intake (ADFI) (Tefera et al., 2015). Dry matter 

intake was determined by multiply the percentage dry matter of the feed with the average daily 
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feed intake. 

5.2.6.5.  Average daily gain 

Average daily gain (ADG) was measured by weighing the wethers every week throughout the 

experiment period. The difference in weight of wethers at the beginning and end of each week 

divided by 7 determined the ADG (Sun et al., 2015). To determine body weight gain (BWG), 

the wethers were weighed weekly, over 14 weeks, using RUUDWEIGH, KM-2E electronic 

weighing system with 0.05 precision (RUUDSCALE, Durbanville, South Africa). 

5.2.7. Statistical analyses 

The general linear model of SAS 9.4 (SAS Institute, 2012) was used to analyze the effect of 

FSF inclusion levels on body condition scores, average daily weight gain, fibre diameter, staple 

length, comfort factor, SD, FDCV, CEM, wool growth, number of visits, number of bites per 

visit, time spent per visit, and dry matter intake. The model included different FSF inclusion 

levels as fixed effects for body condition score, wool parameters, and feed preference. The 

following model was used: 

 

Yij= µ+βi+Wj + (WxB)ij+ Eij. 

Where: 

Yij is the dependent variable (BCS, ADG, FD, SL) 

μ is the overall mean 

βi the effect different inclusion levels of FSF (j = 0 % ,2 % ,4 % and 6 %) 

Wj is the effet of the jth week; 

(WxB)ij is the interaction between week and inclusion levels of FSF; 

Eij is residual error ~ N (0; Iσ2). 

Turkeys’ studentized range test was used to test the significant differences between means. 
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5.3.  Results 

5.3.1.  Body condition scoring 

In chapter 3, the growth performance of wethers fed varying levels of FSF was determined. The 

result showed that growth performance had a linear relationship with body condition scores 

(Table 5.1). There was a significant effect of the FSF inclusion levels on the wethers' body 

condition score (p < 0.05). Wethers fed on FSF-based diets had the highest BCS than those fed 

on 0 % FSF (p < 0.05). Wethers fed on 4 % FSF had higher BCS than those fed on 2% FSF and 

6 % FSF (P >0.05, Table 5.1). 

5.3.2.  Wool quality parameters 

The effects of FSF inclusion levels on wool characteristics are presented in Table 5.2. Wethers 

supplemented with FSF had higher wool growth than those fed on a diet with 0 % (P< 0.05). 

Wethers fed on a diet with a 6% FSF inclusion level had the highest wool growth, followed by 

4%, 2%, and 0% FSF (P < 0.05). There was no significant difference in wool fibre diameter 

between wethers fed on diets with 0% and 4% FSF. Wethers fed on 6% inclusion level had 

lower wool diameter than those fed on 0% and 4% FSF (P < 0.05), but were similar to those 

fed on 2% FSF (P > 0.05). The staple length of wool from wethers fed on a diet with 0% FSF 

was shorter compared to wethers supplemented with FSF (P< 0.05). Wethers fed on 6% FSF 

had the highest value, followed by those on 4%, 2%, and the least was those fed on 0% FSF (P< 

0.05). 

 

5.3.3. Feed preference 

The wethers' preference for diets is presented in Table 5.3. The number of visits (NV), number 

of bites per visit (NBV), time spent on the visit (TSV), and the dry matter intake (DMI) was 

higher (P < 0.05) in wethers fed on diets with 2%, 4% and 6% FSF than those on 0% FSF. The 

feed refusal (FR) was higher in wethers fed a diet with 0% FSF than those fed on 2%, 4%, and 

6% inclusion levels (P < 0.05). 
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Table 5 1: The initial body weight, final body weight, total body weight gain, and body 

condition score of wethers for each treatment. 

 

Parameters  Treatments  SEM P-

Value 

 0 % 2 % 4 % 6 %   

Initial 

weight (kg) 

19.6 19.4 19.5 19.43 0.428  

Final weight 

(kg) 

27.97c
 28.57b

 31.30a
 29.66b

 0.483

9 

0.004 

Average daily 

weight gain 

(g/d) 

84.69c
 92.86bc

 121.42a
 105.35b

 9.53 0.011 

DMI, g/d 576.29c
 546.11d

 665.76a
 618.84b

 11.84 0.0001 

Body 

condition 

scores 

(units) 

2.87b
 3.1a

 3.25a
 3.13a

 0.077 0.1088 

abcmean values with different superscript across the row are significantly different (P < 0.05). T1 = 

0 % FSF diet, T2 = 2 % FSF diet, T3 = 4 % FSF diet and T4= 6 % FSH diet.
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Table 5 2: Effect of different inclusion levels of FSF on wool parameters of Dohne Merino wethers. 

 

FSF inclusion levels 

(%) 

  SEM P-Value 

Parameters       

 
0 % 2 % 4 % 6 % 

  

Wool growth (mg/100cm2/day) 81.4c
 96.5b

 98.3b
 108.7a

 2.700 0.042 

FD²µm 18.77ab
 18.17bc

 19.73a
 17.46c

 0.557 0.110 

FD Dev 0.232a
 0.96a

 0.93a
 0.33a

 0.509 0.882 

SD Dev. (µm) 3.96a
 3.300c

 3.77a
 3.63a

 0.225 0.310 

FDCV% (µm) 21.23a
 19.4ab

 18.80c
 20.83a

 0.624 0.073 

Fibre<15 (mm%) 13.66b
 14.43b

 8.3c
 22.73a

 0.473 0.05 

Comfort factor% 99.46ab
 99.66ab

 98.8b
 99.87a

 0.474 0.460 

Staple length (mm) 46c
 51.32b

 51.67b
 58.33a

 1.170 0.0003 

CEM 7.5 6.47 6.8 6.83 2.950 0.511 

 

abcmean values with different superscript across the row are significantly different (P < 

0.05). T1 = 0 % FSF diet, T2 = 2 % FSF diet, T3 = 4 % FSF diet and T4= 6 % FSH diet.
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Table 5 3: Counts of visit by the animal, number of bits per visit, time spent per visit, dry 

matter intake and feed refusal of wethers for different inclusion levels of FSF. 

Parameters FSF inclusion levels (%)  SEM P-value 

 0 % 2 % 4 % 6 %   

NV 2.96c
 3.96bc

 4.64b
 6.75a

 0.455 0.0001 

NBV 3.17c
 4.43c

 8.00b
 11.54a

 0.889 0.0001 

TSF 1.96c
 2.89b

 3.36b
 4.82a

 0.27 0.0001 

DMI 18.82c
 36.85bc

 45.10b
 73.46a

 6.576 0.0001 

FR 381.18a
 363.14ab

 354.54b
 328.68c

 6.751 0.0001 

 

abcmean values with different superscript across the row are significantly different (P < 0.05). T1 

= 0 % FSF diet, T2 = 2 % FSF diet, T3 = 4 % FSF diet and T4= 6 % FSH diet. NV=number of 

visits; NBV=number of bites per visit; TSF=time spent per visit; FR=feed refusal; DMI=dry matter 

intake. 
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5.4.  Discussion 

Body condition scores (BCS) is a good predictor of fat reserves. An increase in body condition 

scores from 3 to 4 or 4 to 5 units results in a greater fat deposit rate at a subcutaneous level 

(Chay-Canul et al., 2016). Several studies have shown a direct relationship between body weight 

and body condition scores, but there is variation in body weight as BCS increases in different 

breeds of animals (Kenyon et al., 2014). In this study, the BCS followed the trend reported by 

Kenyon et al. (2014), where the BCS of the wethers fed with FSF supplemented diets were 

different (P < 0.05) from the control. The live weight gain comes at an energy cost, and BCS 

gain also has an energy cost. Therefore, it implies that wethers in FSF supplemented diets will 

have more energy reserves for productivity, physiological, and metabolism purposes than those 

on non-supplemented diets. Ramos et al. (2019) reported that wool growth rate and wool quality 

depend largely on the dietary protein available to the sheep. This present study observed a 

normal range of protein content for wool growth, as recommended by the National Research 

Council (NRC, 2007). Also, the high content of Zn in FSF helps in the synthesis of sulphur 

containing amino acid that promotes wool growth (Fadayifar et al., 2012). Similarly, FSF 

increases the DMI of the feed, which in turn increases the availability of protein for the sheep. 

It could be observed from our study that wethers fed on a diet with the highest DMI (g/day) (T3 

(4 %) and T4 (6 %) had the highest wool growth. This aligns with the report of Li et al. (2013), 

who observed that the addition of mineral supplements to the diet of sheep increased the clean 

weight growth even in sheep not selected for wool growth. In essence, wool growth trends were 

similar to those of body weights, which were consistent with the results of McGregor et al. 

(2016) in which different diets were compared. A slight small change was noticed in fibre 

diameter between the wool of wethers fed on a  diet with 0 % FSF and those on supplemented 

diets, while a considerable difference was observed between the wool of wethers on 0 % FSF 

and those on supplemented diets in staple length, FDCV and fibre>15%. This is in agreement 

with Frey et al. (2007), who established that finer wool from ewes showed less variations in the 

fibre diameter change.  The difference in staple length observed in this study could be due to 
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mineral elements such as Zn, Cu, and Fe that are present in FSF, which has been established to 

have a major impact on wool follicle growth and quality (Sahoo, 2011; Hatcher et al., 2005). 

Copper and zinc function directly in the process of wool growth. Copper is involved in 

keratinization, while rapidly proliferating tissues specifically require zinc. The two elements play 

a vital role in protein synthesis (White et al., 1994; Shinde et al., 2013). Shinde et al. (2013) 

reported that Zn concentration of 0.5 ppm in Merino lambs' plasma supported wool growth. It 

has been observed that Cu and Zn are involved in continuous and adequate manufacturing of 

Sulphur-containing amino acids (cysteine and methionine) that are needed by the wool follicles 

to sustain wool growth (Fadayifar et al., 2012; Pal et al., 2010; Reis, 1989). Methionine functions 

primarily in cysteine provision via the transulphuration pathway or by catabolism through the 

transamination pathway. However, comfort factor, CEM, FDSD, and FD Dev were not affected 

by the dietary treatments. This aligns with the observations of Grace and Lee (1992) and Dove 

(2009) that high Zn intake had no effect on the comfort factor, coarse edge micron (CEM), or 

fiber diameter coefficient of variation. 

Wethers fed with the highest amount of FSF produced wool with FD of 17.46 μm. This can 

be classified as superfine wool; according to the Australian Wool Corporation (1990), FD 

between 15 and 18.75 μm is classed as such.  This could be attributed to the high mineral content 

of diet at 6 % FSF, especially Copper, Zinc, and Iron that affect wool growth and fibre diameter 

(Schlink et al., 2010). 

The wethers visited diets supplemented with FSF more than the control. Also, among the 

supplemented diets, the number of visits increased as the amount of FSF increases in the diets. 

This also made the number of bites per visit (NBV) and the DMI in the FSF supplemented diets 

to be statistically higher than the control. Among the factors that might have influenced feed 

preference by sheep are flavor, the physical outlook of the feeds, taste, and particle size of the 

diets (Forde, 2016; Dwain Horrocks, 1999). Sheep requires 25 to 40 ounces per head per day of 

NaCl and will eat less feed when deprived of NaCl (Digby et al., 2011). Similarly, it has been 
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observed that minerals such as Na, Ca, K, and Mg increase the palatability of diets (Desimone 

et al., 2013; Garmyn et al., 2011). Also, FSF, Zeolite, bentonite, and some dietary clays are rich 

in minerals that could increase livestock diets' palatability (Slamova et al., 2011). This 

corroborates the result in this current study that FSF is rich in minerals (Na: 923 ppm; Ca: 

0.22%; Mg: 0.11%; K: 0.11%) (Table1). Hence, the increase in the number of visits, number of 

bites by the wethers in the supplemented diets compared to the control could be attributed to the 

good taste impacted by its richness in dietary minerals including Na, Ca, K, and Mg. It has been 

reported that Na in the form of sodium chloride in the diets of sheep influences the feed 

preference through the taste and flavor of the diets (Merrill, 2013; Villalba et al., 2011). In the 

same way, Dias et al. (2013) and Abarghani et al. (2012) reported that Mg, which cannot be 

stored in the body are involved in energy generating reaction in the tissue of sheep, while 

Calcium and Potassium are involved in metabolism and body electrolytes balance that secure 

the health status of the animal vis-à-vis feed intakes. This agrees with the findings of Silva et al. 

(2015) and Moyo et al. (2019), who both reported that mineral supplementation has positive 

effects on feed preference vis-a-vis the feed intake and the DMI. Sahoo and Soren (2011) also 

reported that the addition of mineral supplements to sheep's diets increases the animal's 

preference for such feed. 

5.5. Conclusion 

Using fossil shell flour supplementation in the diets (2%, 4 %, and 6%) improved dry matter 

intake, average daily weight gain, body condition scores, and influenced feed preference and 

wool production and quality of Dohne-merino wethers.
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Among supplemented diets, wethers fed on a diet with a 4% FSF inclusion level gave the most 

significant improvement in respect of average daily weight gain, dry matter intake, and body 

condition scores, while wethers on 6% FSF diet gave the highest wool yield, staple length, fibre 

<15% and was the most preferred diet by the wethers. Fibre diameter tended to improve but 

insignificantly, while FSF inclusion made no difference statistically on comfort factors, FD 

coefficient of variation, the standard deviation of fibre diameter, and coarse edge micron (CEM). 

It is therefore suggested that FSF should be included in the diets of Dohne-merino as it has the 

potential to improve wool growth, growth performance, and some wool qualities without 

adversely affecting the sheep. However, it is necessary to understand FSF's possible effect on 

sheep's methane production, especially with the recent global concern on greenhouse gasses. 
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Chapter 6 

 

Effect of dietary supplementation with fossil shell flour on enteric methane output and 

position-dependent variations in Dohne-merino wethers 

 
Abstract 

This study's objective was to evaluate the effect of varying inclusion levels of fossil shell flour 

(FSF) on Dohne-Merino wethers' position on enteric methane output. Dietary food-grade fossil 

shell flour was fed to twenty-four Dohne Merino wethers, weighing 20.0±1.50 kg averagely, 

using a completely randomized design with six wethers in each treatment. The wethers were 

fed on a basal diet without FSF addition (control, 0 %) or FSF (2%, 4%, or 6%) of diet DM 

for 12 weeks. Enteric methane production was measured when the wethers were feeding, 

standing, and resting, using a portable Laser Methane Detector (LMD). Wethers fed on a diet 

with 4% showed the highest enteric methane output, followed by 6%, 0%, and 2% FSF. Higher 

enteric methane emission was observed for resting wethers than those feeding and standing (P 

< 0.05). Inclusion of fossil shell flour in Dohne-merino wethers' diets at 4% and 6% increases 

enteric methane output (P<0.05). Dohne-merino sheep tend to emit more enteric methane when 

resting than when feeding or standing idle. 

Keywords: Fossil shell flour, enteric methane, animal position, Dohne-merino ram. 

 
 

6.1.   Introduction 

In the last two decades, there has been great concern about global warming due to an increase 

in the concentration of many atmospheric gasses, which leads to an increase in atmospheric 

temperature (IPPC, 2018). These gasses include methane, carbon dioxide, and nitrous oxide 

often referred to as greenhouse gases. It has been projected that greenhouse effects in the next 

century will bring about the distribution of new deserts in the world 
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, and change the range of pest that affects plants, which may threaten the existence of animals 

and human health (Moss et al., 2000). The emission of GHG from livestock and their impact on 

climate change is a major concern worldwide (Aemu et al., 2011). 

Emissions from livestock contribute 98% of methane emissions from the agricultural sector 

(Otter, 2010). Ogino et al. (2007) observed that enteric methane constituted about 50% to 60 

% of GHG emitted in ruminant production at the farm scale. Methane emissions from livestock 

are estimated to be 2.2 billion tons of carbon dioxide equivalent, accounting for 35% of the 

global anthropogenic methane emissions (FAO, 2013; Knapp et al., 2014). However, it is 

expected to increase, particularly in developing countries (Tubiella et al., 2013) further.  

Enteric methane is a natural by-product of the fermentation processes in the large intestine of 

ruminant animals and is released into the atmospheric environment through breathing 

(Wiedemann et al., 2016). Methane and nitrous oxide have higher global warming potentials 

than carbon dioxide (Fraser et al., 2015). Methane is 21 to 25 times more effective in trapping 

heat in the atmosphere, while nitrous oxide has a global warming potential of 296 to 310 times 

that of CO2 (IPCC, 2006; ANIR, 2009). Depending on the level of feed intakes and rumen 

activity, the rate of enteric methane production varies with individual animals (Chaturvedi et 

al.,2014). Apart from its negative effect on global warming, methane accounts for a significant 

amount of animals' energy loss during grazing or browsing. The energy losses range from 2% 

to 12% of gross energy (GE) intake, thereby lowering livestock productivity and economic 

efficiency of ruminant production (Sallaku et al., 2011; IPCC, 2018). Reducing the production 

of enteric methane in ruminants without altering animal production is, therefore, desirable both 

as a strategy to reduce global GHG emissions and as a means of improving feed conversion 

efficiency. 

Sheep has the largest population among the small stock globally (FAO, 2017); hence their 

contribution to GHG is high (IPPC, 2018). The Dohne-Merino has been one of the fastest breeds 

of sheep spreading across many continents (Mcmaster, 2015; Cardellino, 2016) account for over 

36 % of the GHG emissions from livestock species. Methane emissions by sheep are produced 
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in the rumen during microbial fermentation of feed, especially carbohydrates (Sallaku et al., 

2011). Methane production in sheep is influenced by feed intake, diet composition, digestibility 

and quality of forage, forage species breed, and purposes of the animal. Also, activities of the 

animals, such as resting, standing, or feeding, as well as feed additives, have been reported to 

affect the volume of methane output in other livestock (Scholtz et al., 2013). The animals' 

position and the activities have been reported to affect the amount of methane being generated. 

Roessler et al. (2018) reported that when a goat is lying, it generates more enteric methane than 

when standing. Likewise, Washaya et al. (2018) observed that when goats are ruminating or 

resting after a long time of journey, higher methane was being generated than when the animal 

is standing after feeding. 

There is a growing interest in using supplements or additives to mitigate the emission of 

greenhouse gas in livestock production systems, especially small stock. Thota et al. (2017) 

reported that the mean enteric methane emissions (l/day) were significantly lower in sheep fed 

with probiotics supplemented diet than sheep fed on a diet without probiotics supplementation 

and reduced 21.9 percent as compared to the non-supplemented diets. Similarly, Ma et al. (2016) 

reported that allicin supplementation effectively reduced daily methane emissions in ewes, 

probably by decreasing the population of ruminal protozoans and methanogens. These 

chemicals, however, are either toxic to the cow or exhibit only transient effects on methanogens 

(Moss et al., 2000). The use of natural products as additives to mitigate the emission of 

greenhouse gas in livestock is beneficial to both livestock and consumers. 

The most recently sought for use as feed additives is fossil shell flour (FSF), among the common 

natural products used as feed additives. In chapters 3, 4, and 5, it had been observed that FSF as 

a feed additive benefits sheep production in terms of growth performance, feed preference, and 

wool quality. A few studies have been conducted on the impact of FSF in sheep diets on methane 

gas production. Fossil shell flour is a naturally occurring, silicon-rich sedimentary rock made 

up of fossilized remains of millions of diatoms, 
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a type of hard-shelled plant algae originally deposited millions of years ago in the earth from 

dried up seas and lakes (Ikusika et al., 2019; Koster, 2013). They are readily available, cost-

effective, healthy, and eco-friendly for both animal and human beings. Because of the 

antimicrobial activities that have been reported of FSF (Chen and Liu, 2016), it is believed that 

it would reduce methane production by militating methanogenesis microbes. 

Several techniques have been developed to measure the enteric methane emissions in ruminant 

animals (Patra, 2016). The respiration chamber technique is considered the standard gold 

method to quantify ruminant animals' enteric methane output. However, estimates obtained from 

chamber measurements are not transferable to grazing ruminants because they are obtained in 

an artificial environment (Storm et al., 2012). Also, this technique is very expensive and time-

demanding. The portable laser methane detector (LMD) technique may offer a reasonable 

alternative because it allows the quantification of CH4 from animals in their natural environment 

without interfering with the animal’s behavior (Chagunda et al., 2009; Ricci et al., 2014). Unlike 

the chamber technique, it is easy to handle, cheap, and time saver. 

Up to date, there have been few pieces of literature on the use of FSF as an additive to reduce 

methane emissions in sheep with inconclusive results. Further studies are required to evaluate 

and ascertain the effect of FSF's varying dietary inclusion on enteric methane emissions. 

Besides, it is a requirement for feed additives, which should have no negative effect on feed 

utilization. This will help to enlighten policymakers, farmers, and non-governmental 

organizations on another strategy that will reduce greenhouse gasses, thereby preserving our 

environment. Against this background, this study's objective was to investigate the effect of a 

diet supplemented with varying levels of FSF at a different animal position on enteric methane 

production by Dohne-Merino wethers. It was hypothesized that the inclusion of fossil shell flour 

into the diet of Dohne-merino wethers would decrease the production of enteric methane.



201  

 

6.1.  Materials and Methods 

6.1.1.   Ethical approval 

The ethical approval was described in section 3.2.1 

 
6.1.2.   Study site 

The study site was described in section 3.2.2. 

 
6.1.3.   Sheep and housing 

The animals and housing, experimental design, and management are the same as described in 

section 3.2.3. 

6.1.4.   Diets and feeding 

The processing and composition of the experimental diets is the same as described in section 

3.2.4 

6.1.5.   Analytical procedures 

6.1.5.1.   Mineral analyses 

 

Mineral analyses were described in 3.2.5.2 

 
6.1.5.2.   Proximate analyses of the experimental diets 

The procedures and methods were described in section 3.2.5.1. 

 
6.1.6. Measurement of methane production 

The measurement of methane was done using laser methane detector LMD (Crowcon Detection 

Instruments Ltd., Oxford shire, United Kingdom). Measurements were carried out weekly from 

the inception of the trial during three different wethers' activities, which includes resting, 

feeding, and standing. Also, during the last 7 days of the experiment, methane output was 

measured daily for the same three activities of 
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the wethers. Methane gas column density was measured by directing the hand-held LMD 

machine targeting (visible HeNe) at the nostrils of wethers for a period of 25s per wethers at a 

distance of 2 m. The 2-m distance was considered safe to prevent the disturbance of the animal’s 

activity as described by Chagunda et al. (2009) and Washaya et al. (2018). The effect of methane 

that existed in the atmosphere from the measured results was discounted using the offset 

function of the LMD. All measurements were taken at approximately the same time of day 

(1000h-1100h). Three measurements were taken from individual wethers during each activity. 

Methane eructed was determined per each activity using standard respiratory coefficients per 

activity, and then translated to an equivalent emission per day. Methane production was also 

evaluated in relation to dry matter intake (DMI). Laser methane detector (LMD) measures 

methane emission in ppm-m, which is not equivalent to g/kg/d. Therefore, to know how much 

of methane is being produced per wether, methane was determined on a DMI basis. 

Methane eructed during activity MTV = MMD × TVr / 106ml (Chagunda et al., 2009) 

 
Where: MTV is the enteric methane in breath in ml during ruminating; MMD is the enteric 

methane detected by LMD converted from ppm-m to ml. 

TVr is the tidal volume during different activities 

 
Tidal volume (feeding) = 3100 ml, tidal volume (standing) = 3800 ml for dairy animals. These 

were then converted using livestock units to represent sheep, where 0.5 LU cow is equivalent to 

0.1 livestock unit (LU) sheep (Chilonda and Otte, 2006) for sub-Saharan Africa. 

The TVr for sheep were, therefore: TVr feeding = 620 ml, TVr standing = 760 ml, TVr 

ruminating = 760 ml 

Methane eructed per activity per day MTTA = MTV × RTA (Chagunda et al., 2009) 
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MTTA is the amount of enteric methane produced during an activity (rumination, feeding, just 

standing). 

Methane eructed per day MD = MTTA x (TD × RTA) ml/day (Chagunda et al., 2009) Where: 

MD is daily enteric methane 

TD is daytime in seconds 

RTA is the total time spent on an activity 

 
RTA standing = 1440, RTA feeding = 2880, and RTA ruminating = 7200 By substitution and 

use of specific density conversion factor, daily enteric methane in grams (MDG) is: 

MDG (g/day) = MD x 0.00066715 (CH4 density in g/ml) (Chagunda et al., 2009) 

 
Methane (l/day) = 0.0305 DMI(g/day) – 4.441 (Shibata et al., 1992) M (kg/head/day) = DMI x 

0.0188 + 0.00158 (Howden & Reyenga, 1999). 

 

6.1.7. Statistical analyses 

The PROC MIXED procedure of Statistical Analysis Systems Institute (SAS, 2012) for repeated 

measures was used to test for significance of inclusion level of FSF and position of wethers on 

methane volume. Turkey’s studentized range test was used to test the significant differences 

between means. The statistical model used was: 

Yijk= μ+ Tj + Bj +Dk + (TxBxD)jjk + eijk Where: 

Yijk is methane volume μ is the overall mean 

Tjs the effect of diet (i = 1,2,3,4) Bj the effect of position (i=1,2,3) 

Dk is the effect of week (k, = 1,2,3,4,5,6) 

 
(TxBxD)ijk is the interaction effect between treatment, week, and position 
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eijk is the error term. 

 

 

6.2.  Results 

Table 6.1 shows enteric methane emission from wethers fed diets with varying FSF levels during 

different activities. Enteric methane output was lowest in the wethers fed on a diet with 0% FSF 

and highest on those feds with 6% FSF during standing, feeding, and resting (P < 0.05). As the 

FSF inclusion level increased, enteric methane output also increased except for feeding and 

resting wethers fed on diets with 2 % and 4 % FSF (P<0.05). Across the diets, there were no 

significant differences for all the activities (P > 0.05). The wethers released the highest methane 

volume when they were resting and the least when feeding (P < 0.05). 

Table 6.2 shows the methane emission, average daily feed intake, and the dry matter intake in 

the last 7 days of the feeding trial measured consecutively. Both the ADFI and the DMI had a 

linear relationship with the amount of methane produced. Wethers fed 4 % FSF had the highest 

ADFI and DMI values and produced the highest (P<0.05) methane value. The amount of 

methane produced by wethers fed on a diet with 0% FSF was significantly lesser compared to 

the amount generated by wethers on 4% and 6% FSF, but not from wethers on 2% FSF (P < 

0.05). Wethers on a 4%FSF diet emitted more methane than the wethers on 0% FSF, and other 

FSF supplemented treatment (P < 0.05). In all the diets, wethers generated more methane 

(g/day) when they are resting than feeding or just standing (P < 0.05). In all the activities 

together, wethers fed on a diet with 4 % produced more methane than those on 0 % FSF and 

other FSF supplemented diets (P < 0.05). 

Figure 6.1 shows the amount of methane generated by the wethers on varying amounts of FSF 

over a period of 12 weeks. From week 1-3, the volume of methane produced by wethers fed on 

0 %, 2%,4 %, and 6% FSF of the diets was the same (P<0.05). From week 4-6, the volume of 

methane emitted by wethers on 0% FSF began to be lesser compared with those emitted by 

wethers on 2%, 4%, and 6% FSF of the diets. From week 7 -12, the volume of methane emitted 

was very higher in the FSF supplemented diets compared to 0% FSF diet (P<0.05).
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Table 6 1: Enteric methane emission from Dohne- merino wethers fed on varying FSF 

levels during different activities in the last seven days of the trial. 

 

 

 
 Levels   of       FSF          inclusion  

Activity 0 %  2 %  4 %  6 %  SEM 

Standing 17.74a
 18.54a

 21.86a
 25.71a

 4.66 

Feeding 15.83a
 22.52a

 13.24a
 19.31a

 4.81 

Resting 38.63a
 42.46a

 42a
 47.50a

 11.25 

abc mean values with different superscripts across the row are 

significantly different (P < 0.05). 
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Table 6 2: Enteric methane emission from Dohne- merino wethers fed on varying inclusion 

levels of FSF (grams /day). 

 

 

 
Activity  

Levels of    FSF   inclusion 
SEM 

0 % 2 % 4 % 
 

6 % 

ADFI (g) 84.69c
 92.86bc

 121.42a
 105.35b

 9.53 

DMI (g) 576.29c
 546.11d

 665.76a
 619.84b

 11.84 

Methane 

(l/day) 

17.27 16.66 20.30 18.90 0.32 

Methane 

kgDMI/year/ 

3,887.25 3,748.55 4569.8 4252.25 81.22 

Methane 

(g/kg DMI) 

10.65 10.27 12.52 11.65 0.218 

Methane 

(g/day 

     

Standing 0.0046 0.0125 0.0198 0.023 0.000147 

Feeding 0.0114 0.0017 0.0124 0.0141 0.0024 

Resting 0.036 0.0511 0.301 0.0438 0.00041 
 

 

 
 

 

abc mean values with different superscripts across the row are significantly 

different (P < 0.05). 
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Figure 6 1: Methane emission of Dohne-merino wethers at varying Fossil shell flour 

levels measured for 12 weeks shown as means ± standard errors. 0 % FSF, 2 %, FSF, 4 

% FSF, and 6 % FSF. 
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Figures 6.2 shows the effect of different activities of wethers on methane output at 0%, 2%,4 

 

% and 6% FSF diets. Methane output was highest (P<0.05) during resting and lowest during 

feeding at the varying inclusion levels of FSF. The methane emitted during resting were 

significantly different (P<0.05) from the volume emitted during feeding activities. In all the 

activities, methane output increased as the FSF inclusion levels increased up to 4% FSF 

levels and declined thereafter. 

 

6.3.   Discussion 

The current study found that daily methane emissions (ppm-m) increased as the FSF 

inclusion levels increases. This was also true of both the ADFI and DMI, which increased 

as the FSF    inclusion increases. Previous studies have shown that as animals consume more 

feed, they produce significantly more gas than their control (Scholtz et al., 2013; Tao et al., 

2018). Ramin and Huhtanen (2013) and Du Toit et al. (2013) reported that the total methane 

emitted by an animal is determined mainly by the DMI of the feed consumed by that animal. 

The results of this study align with the report from these authors. The DMI of FSF 

supplemented treatments were higher than the DMI of the wethers on 0 %FSF. Hence, the 

methane output of the supplemented diets was higher than those wethers on 0 %FSF. This 

could be because FSF increased the feed intake of the wethers, thereby increasing the DMI 

(g/kg) hence more feed content for fermentation. The higher methane output in wethers on 

FSF supplemented diets compared to those on 0 % FSF observed in this study agrees with 

Emeruwa's (2016) report, which considered the effect of varying levels of FSF on in vitro 

gas production from West Africa Dwarf sheep. This result suggests that FSF promotes 

methanogen or protozoan populations. Newbold et al. (1995) and Ma et al. (2016) reported 

that endo- and ecto-symbiotic methanogens of protozoans could contribute up to 25% of 

rumen fluid methane emissions in sheep. 
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Figure 6 2: Methane emission at different position of Dohne-merino wethers fed basal 

diet+4 
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Though the result obtained for wethers on FSF supplemented diets (between 10.27 to 12.52 

g/kg DM) were higher compared with wethers of FSF non-supplemented diet (10.65 

g/kgDM), it is still lower than estimation given for South Africa commercial sheep by Du 

Toit et al. (2013). This study also observed that; more methane was emitted during the 8th 

and 12th week compared to the 1st to 7th week. Methane output was inconsistent at the 

early period of the trial. Hence, methane from wethers on 0 % FSF was higher than those 

wethers on 2 %,4 %, and 6 % FSF during the 1st and 3rd week. However, wethers on FSF 

supplemented diets emitted far higher methane volume compared to 0 % FSF during the 

last 5 weeks of the trial. This could be because FSF has increased the palatability of the FSF 

supplemented diets, thereby increasing the average daily feed intake, which increases the 

amount of methane generated from such wethers.    

An animal's position at different times of the day affected the amount of enteric methane 

being generated at a particular time (Chagunda et al., 2009; Chagunda, 2013). Grobler et al. 

(2014) reported a positive relationship between lying behavior and rumination activity for 

dairy cattle using a distance of 3 m between the measurement device and the animal. Animal 

enteric methane production is relative to activities by the animal (Washaya et al., 2018). 

During the day, an animal is either eating, standing, or resting (during which they ruminate 

what they have eaten), and these 3 different positions were considered. Chagunda et al. 

(2009) and Washaya et al. (2018) reported that when an animal is quiet and relaxed during 

rumination, methane emission is higher than when an animal is eating or standing. The 

result obtained from this study agreed with these authors' reports, in that the wethers emitted 

more methane output during resting than when standing or feeding. The explanation of this 

could be that when an animal is eating (feeding), lesser microbial activities in the rumen 

(reservoir of microbes) are going on compared to when the wethers are resting. When 

wethers are eating, most of the activities take place in the mouth. At this stage, enzymes and 

very few counts of microbes that are contained in the saliva are involved. Also, continued 
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dilution of the rumen during eating and peristaltic contractions for disturbance of microbial 

activities compared to resting period decreases methane production. During the eating 

period, particles are also larger, thereby decreasing microbial activity. However, when 

wethers are resting, one of the characteristics they exhibit is called regurgitation. This 

involves bringing back from the rumen to the mouth, feeds they have previously swallowed 

while feeding for proper chewing, grinding, and mixing.  Regurgitation breaks down, feeds 

into small particles, increases surface area for rapid fermentation, and releases more soluble 

locked in crystalline structures hence making them available. Therefore, more methane is 

produced due to more soluble that gave room to increase in microbial growth and 

population. 

6.4 Conclusion 

In this study, methane production from Dohne Merino wethers was relative to the animal 

activity, with resting producing more gas than w h e n  feeding or standing. Diets 

supplemented with FSF produce more methane gas than non-supplemented diets. When 

feeding of FSF goes beyond 5 weeks, a greater volume of methane may be generated 

because of an increase in average daily feed intake promoted by continuous addition of FSF. 

Enteric methane production is positively related to ADFI and DMI of the wether. Since 

methane is generated in sheep as a result of fermentation in the rumen, there is, therefore, a 

need to investigate the effect of varying levels of FSF on the rumen fermentation 

parameters, in vitro true digestibility, and relative feed value in Dohne Merino wethers. 
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Chapter 7 

Effect of dietary fossil shell flour supplementation on Dohne-Merino wethers basal diet 

rumen fermentation parameters, in vitro true digestibility, and relative feed values. 

 

Abstract 

This study investigated the effects of various fossil shell flour (FSF) levels on rumen 

parameters of Dohne-Merino wethers, in vitro digestibility, and relative feed values of the 

feed used in feeding Dohne-Merino wethers. Twenty-four fistulated wethers (20 ± 1·5 kg 

body weight each) in a complete randomized design of four treatments having six wethers 

per treatment, were fed a basal diet without fossil shell flour (control, 0%), or with the 

addition at 2% FSF (T2), 4% FSF(T3) and 6% FSF (T4) of diet DM for 105 days excluding 

14 days adaptation period. Ruminal temperature, pH, ammonia nitrogen concentration, and 

volatile fatty acids (VFA) were determined. In vitro true digestibility of feed (IVTDDM), 

organic matter digestibility (IVTDOM), neutral detergent fibre (IVTDNDF), acid detergent 

fibre (IVTDADF), and acid detergent lignin (IVTDADL) of the four dietary treatments were 

determined using Daisy200 incubator while relative feed values (RFV) were calculated from 

feed intake and chemical components of the feeds. The results showed that increasing FSF 

levels had no effect on ruminal T0C or pH, but Ammonia-N increased (p<0.01) with 

increasing FSF. The total molar concentrations of volatile fatty acids (VFA) decreased 

(p<0.05) with increasing levels of FSF. Acetic: propionic ratio decreased except at 4 % 

inclusion level. IVTDDM, IVTDNDF and IVTDADF decreased up till 4% FSF inclusion but 

tended to increase (P = 0.06) at 6% inclusion. Relative feed values of the diets tended to 

increase (P=0.07) by adding fossil shell flour. In conclusion, the addition of FSF 
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to diets of Dohne-Merino wethers up to 6% FSF inclusion rates did not improve IVTDDM, 

IVTDNDF, and IVTDADF but for a small increment of rumen nitrogen with no adverse effects 

on the rumen parameters. The RFV moved the feed from good to premium when supplemented, 

hence increasing experimentation to exploit ruminant nutrition. 

Keywords: Fossil shell flour, rumen parameters, in vitro true digestibility, and feed quality. 

 
 

7.1.   Introduction 

Small ruminants, especially sheep, are reared and maintained in most sub-Sahara African 

countries on high roughage-based diets with limited access to concentrate supplements (Yang 

et al., 2018). This has led to reduced production performance, low meat quality, and subsequent 

economic losses to farmers and the nation. Therefore, improving feed utilization in small 

ruminant nutrition is one of the essential features that can improve farming profitability. One of 

the most popular strategies for improving feed utilization is the use of feed additives, including 

antibiotics, live yeast, enzymes (both fungal and bacterial sources), plant extracts, algae, 

bentonites, and fossil shell flour (Abdel-Aziz et al., 2015; Durmic et al., 2014; Valdes et al., 

2015). Chapter three of this thesis observed that fossil shell flour increased feed intake, average 

daily weight gain, and Dohne Merino sheep's overall performance. 

Similarly, Frater (2014) reported that feed additives had been shown to stabilize rumen pH, 

reduce risk of acidosis, increase dry matter intake (DMI), reduce methanogenesis, enhance 

rumen development, and improve meat quality. Manipulation of the rumen microbial ecosystem 

to improve ruminant’s performance are essential issues for animal nutritionists. Thus, the need 

to identify feed additives with the potential to modify rumen fermentation and efficiency of feed 

utilization while decreasing nitrogen excretion is essential. 

The removal of antibiotic growth-promoters as feed additives in ruminant nutrition in most 

advanced countries of the world have  led to the use of plant extracts, live yeast, enzymes or 



220  

other organic additives to manipulate ruminal fermentation (Martin and Kadokawa, 2006; 

McGrath et al., 2018). These manipulations can promote feed efficiency and animal growth, 

prevent, control, and treat diseases (Wang and Wang, 2016). The availability and cost 

implication of plant extracts, live yeast, enzymes, and other bioorganic feed additives have been 

a challenge. However, in recent times the use of organic feed additives such as fossil shell flour 

in the diets of livestock is becoming popular because it is assumed to leaves no residue in the 

products of animal been consumed, abundantly available, and relatively cheap compared to 

inorganic feed additives (Chapter 2 of the thesis). Besides, fossil shell flour (FSF) as feed 

additives reduces both human and environmental pollution by reducing faecal and urinary 

nitrogen output (Chapter 3 of this thesis). Fossil shell flour has been used as performance 

enhancers. It improves feed utilization and efficiency in livestock production, especially in non-

ruminant, because of its richness in minerals (majorly silicon-oxide) (Chapter 2 of this thesis). 

Chapter 3 of this study observed and reported that FSF improved Dohne Merino sheep's growth 

performance by increasing the dry matter intake. However, it is yet to be investigated if various 

FSF inclusion levels improve the rumen environmental and fermentation parameters, in vitro 

true digestibility, and relative feed value. This is because paucity information in the literature is 

available on the use of FSF to improve rumen fermentation parameters and true digestibility for 

efficient feed utilization in Dohne Merino sheep. Likewise, little information of varying levels 

or correct additive concentration is available. Therefore, the objective of the present study was 

to investigate the effects of different inclusion levels of fossil shell flour on feed quality, in vitro 

true digestibility, and ruminal fermentation parameters in Dohne-Merino wethers. It was 

hypothesized that the presence of fossil shell flour in Dohne Merino wethers’ diets would 

improve feed quality, in vitro true digestibility, and ruminal fermentation parameters. 

In chapter 6, it was found that methane emission increased with an increase in FSF inclusion 

levels. In this study, rumen fluid was obtained from wethers fed on various levels of FSF 
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Inclusion and rumen environmental indicators, rumen fermentation parameters, and in vitro true 

digestibility were investigated and compared. Secondly, the effect of varying levels of FSF on 

relative feed value was determined. This broadens the knowledge of rumen activities in sheep 

fed with different amounts of FSF. 

7.2.   Materials and methods 

7.2.1.   Ethical approval 

The University of Fort Hare approved the handling and use of animals (Ethically approved 

number - MPE041IKU01). 

7.2.2.   Study site description 

The Experiment was conducted at the Small Ruminant Unit of the University of Fort Hare 

Teaching and Research Farm (Animal Section), Alice, Eastern Cape, South Africa. The research 

farm is located along  Alice-Kings Williams’s town, Alice, which lies at longitude 26o50' E and 

latitude of 32°46' S. The annual rainfall is between 480-490 mm and a temperature range 

between 24.6 oC and 11.1 oC (average is 17.8 oC) at the altitude of 535 meters above sea level. 

The in vitro true digestibility using Daisy200 incubator was carried out at the Ruminant 

Nutritional Laboratory of the University of Zululand, Empangeni, KwaZulu Natal Province, 

South Africa. 

7.2.3.   Animals, experimental design and management 

A total of twelve single-stage rumen-cannulated Dohne-Merino wethers were randomly allotted 

into four different diets in a completely randomized design with three wethers per diet. The 

donor wethers were fed a basal diet without FSF addition 0 % or FSF 2 %, 4%, or 6% of diet 

DM. The wethers were fed the experimental diets 35 consecutive days before the rumen fluid 

collection. The ruminal fluid was collected from the cannulated wethers before morning feeding 

(7:30h). Approximately 500ml of rumen fluid 
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were obtained from each fistulated wethers by allowing manually collected ruminal digesta to 

strained through 4 layers of cheesecloth. 

7.2.4.   Experimental Diets 

 

The processing and composition of the experimental diets are the same as described in section 

 

3.2.4 and given in Table 3.1 

 
7.2.5.   Determination of in vitro True digestibility 

Rumen samples were collected from the twelve wethers through the fistulation. One -stage 

techniques for ruminal fistulation described by Ghazy (2017) were used to collect ruminal fluid. 

The rumen liquor was collected from the sheep and transferred into a thermos flask pre-warmed 

to a temperature of 39 oC and transported immediately to the nutritional laboratory. The 

incubation procedure was carried out using the DAISY200 Incubator ANKOM Technology (2017) 

method. Each empty F57 bag was weighed (W1) and recorded. Feed samples (≤0.5g each) from 

each treatment were carefully put into the F57 bags and recorded as W2. Each bag was then 

heat-sealed, labeled, and evenly distributed on both sides of the Daisy200 incubator digestion jar 

with one sealed blank bag in all jars as correction factor (C1); after that, the samples were pre-

warmed at 39 oC with 1330 ml of buffer solution A (10.0 KH2PO4 + 0.5 MgSO4.7H2O +0.5 

NaCl + 0.1 CaCl2.2H20   + 0.5 Urea), 270 ml of buffer solution B (15.0   Na2CO3 + 1.0 

Na2S.9H2O) and 400ml of four-layer cheesecloth filtered rumen fluid. This was poured into the 

digestion jar, purged with CO2 for 30 s, and placed into the Daisy incubator at 39 oC for 48 

hours. The Daisy incubator temperature was maintained at 39.5 oC ± 0.5. After incubation, the 

jars were removed from the incubator, water drained, and bags were thoroughly rinsed with cold 

tap water until the water was clean using minimal mechanical agitation. The bags were then 

dried at 60 oC until constant mass. These samples were further analyzed for fibre using the 

ANKOM200 Fiber Analyzer to determine the NDF using the procedure described by Van Soest 

et al.  (1991). In vitro NDF weight was recorded as W3. These values were used to calculate 

IVTDDM (Invitro true digestibility on a dry matter basis). This formula is taken from the 

Ankom200 method. 
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Where W1= empty bag weight 

W2= sample weight 

W3= final bag weight after in vitro and sequential ND treatment 

 
C1 =Blank bag correction (final oven-dried weight/original blank bag weight). 

 
7.2.6.   Determination of relative feed values 

Relative feed value is defined as estimating the digestibility of the forage dry matter and how 

much the sheep can consume based on its “satisfying” capacity. This was developed in America 

by Hay Marketing Task Force. It is a key tool in forage marketing and forages quality education.  

Using the method or equation of Rohweder et al. (1978), the relative feed value (RFV) of the 

diets was calculated as follows: 

DMI = Dry matter intake (Live weight = LW %) = 120/ (NDF %); DMD = Dry matter 

digestibility (%) = 88.9 - (0.779×ADF %); RFV = Relative feed value = (DMD×DMI)/1.29. 

Based on the Quality Grading Standard assigned by the Hay Marketing Task Force of the 

American Forage and Grassland Council, the RFV was assessed as roughages based on prime 

>151, 1 (premium) 151-125, 2 (good) 124- 103, 3 (fair) 102-87, 4 (poor) 86-75, 5(reject) < 75. 

 
7.2.7.   Determination of rumen fluid parameters (PH, temperature, and volatile fatty 

acid) 

Rumen fluid was collected from twelve wethers through a fistula, and the pH was immediately 

measured using a digital pH meter (Sartorius PT-10; Sartorius AG, Göttingen, Germany) and  
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 they were recorded for each wether. Ammonia-N was determined from 5-mL of strained 

(through 4 layers of cheesecloth) rumen fluid pipetted with 1 ml of H2SO4 (20% Conc) for 

preservation before storing at -20 °C. It was analyzed using the phenol hypochlorite assay 

(Galyean, 2006). 

To analyze ruminal VFA, 5 mL of strained rumen fluid-preserved with 1 mL of an acid solution 

containing 20 % orthophosphoric acid and 0.5 formic acids (5% conc.) and stored at - 20°C was 

used. After thawing, rumen fluid samples were centrifuged (15,000 × g for 15 min at 4 °C), and 

the supernatant was used to quantify the VFA. The concentration of acetic acid, butyric acid, 

propionic acid, iso-butyric, valeric acid, and iso-valeric was measured by a gas chromatograph 

(UNICAM 4600; SB Analytical, Cambridge, UK) equipped with a flame ionization detector 

(250 °C), split-injection port (1.0 µL injection), capillary column (Agilent J&W HP-FFAP, 10 

m by 0.535 mm by 1.00 m, 19095F-121; Agilent Technologies, Santa Clara, CA), and helium 

as carrier gas (column head pressure of 68.94 kPa), and the working temperatures of the injector 

and detector were 250 °C and 300 °C, respectively following the procedures described by Erwin 

et al., (1961). The initial column temperature was set at 80 °C for 1 min and then increased by 

20 °C/min to 120 °C, followed by 6.2 °C/ min to 140 

°C and after that by 20 °C/min to 205 °C. 

 
7.2.8.    Statistical analysis 

Analysis of variance by one-way experimental design within the groups was used to analyze 

the chemical composition, in vitro true digestibility of each component, relative feed values, and 

rumen parameters (GLM of SAS, 2018). Duncan’s multiple range test was done to compare the 

means, and differences were considered when P < 0.05. 

7.3.   Results 

The effects of FSF's varying inclusion levels in diets of Dohne-merino rams on pH, temperature, 

ammonia-N, and VFA are presented in Table 7.1. Rumen pH tended to increase slightly with 

FSF but was not different (P>0.07) within the FSF inclusion levels. 
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Table 7 1: Effects of varying inclusion levels of FSF in diets on rumen parameters of 

Dohne-merino. 

 

Parameter 0 %FSF 2 %FSF 4 %FSF 6 %FSF SEM P-Value 

NHᴣ -N 4.94b
 8.43a

 4.22b
 5.33b

 1.12 0.01 

pH 6.67a
 6.72a

 6.74a
 6.88a

 0.03 0.07 

T°C 34.17a
 34.33a

 34.33a
 34.63a

 0.13 0.03 

Total VFA 

 

mM 

64.72a
 58.18a

 54.45a
 52.91a

 20.30 0.52 

Acetic 

 

mmol/l 

33.48a
 29.30a

 27.69a
 23.62a

 13.67 0.10 

Butyric 13.66a
 11.60a

 11.53a
 13.09a

 10.23 0.144 

Propionic 16.61a
 15.60a

 13.04a
 15.55a

 10.69 0.46 

Iso-butyric 0.65a
 0.42a

 0.96a
 0.04a

 0.84 0.95 

Valeric 0.12a
 0.46a

 0.70a
 0.46a

 0.27 0.46 

Isovaleric 0.20a
 0.53a

 0.53a
 0.14a

 0.02 0.13 

Acetate: 

propionic 

ratio 

 

 
2.015a

 

 

 
1.846a

 

 

 
2.123a

 

 

 
1.518a

 

0.82 

 

 

0.23 
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The NH3-N concentration was greater (P<0.01) in 2% and 6% FSF than 0% and 4%. The molar 

total VFAs, acetic, butyric, and iso-butyric values decreased (P < 0.05) with an increase in FSF 

inclusion levels. The 4% FSF had lesser propionic value compared to 2%, 6%, and 0 % FSF (P 

< 0.05). Molar iso-valeric acid in rumen fluid also did not change with FSF inclusion (P > .05). 

The acetate to propionate ratio was highest at 4% FSF and lowest in 6% FSF. 

Table 7.2 shows the nutrient composition of the four diets due to varying inclusion levels of 

FSF. The non-significant difference of all components and crude protein showed that FSF 

inclusion up to 6% does not affect the nutrient content. 

Table 7.3 shows the in vitro true digestibility of dry matter (IVTDDM) after adding three amounts 

of FSF to the diets, which consistently decreased (P < 0.05). IVTDOM %, IVTDNDF%, 

IVTDADF% and IVTDADL% all decreased at different levels of FSF supplementation compared 

to the control (0 %). 

IVTDDM: in vitro true dry matter digestibility; IVTDOM: in vitro true organic matter digestibility 

IVTDNDF: in vitro true neutral detergent fibre digestibility; IVTDADF: in vitro true acid detergent 

fibre digestibility; IVTDADL: in vitro true acid detergent lignin digestibility. 

The effects of including various FSF amounts into Dohne-merino wether diets on in vitro true 

digestibility and feed quality as defined by their RFV content are presented in Table 7.3. 

Relative feed value (RFV) and DMI tended to increase (P ≤0.05) as the amounts of FSF added 

to the diets increased (Table 7.4).
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                              Table 7 2: Chemical composition of the diets with varying FSF inclusion levels. 

 
 

Levels of 

FSF 

inclusion 

DM OM CP EE ASH NDF ADF ADL 

0 %FSF 95.52±1.02 88.27±1.4 14.72±1.05 1.55±1.03 11.72±0.60 44.26±0.9 40.16±5.94 11.07±1.2 

2 %FSF 95.49±1.02 90.54±1.4 14.57±1.05 1.72±1.03 9.44±0.60 39.2±0.9 31.52±5.94 11.52±1.2 

4 %FSF 95.89±1.02 90.47±1.4 14.62±1.05 1.90±1.03 9.51±0.60 39.53±0.9 31.64±5.94 11.30±1.2 

6 %FSF 95.56±1.02 89.74±1.4 15.51±1.05 1.99±1.03 10.29±0.60 38.74±0.9 31.08±5.94 11.34±1.2 

 

 

                    DM= dry matter, OM=organic matter,CP= crude protein,EE =ether extract,NDF =neutral detergent fibre, ADF=acid detergent fibre, 

                   ADL= acid detergent Lignin. 
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                              Table 7 3: In vitro true digestibility of Dohne-merino diets with various levels of Fossil 

       shell flour. 

 

Parameter     SEM P-Value 

 
0 %FSF 2 %FSF 4 %FSF 6 %FSF 

  

IVTDDM % 62.38a
 58.76b

 58.13b
 55.4c

 1.19 0.05 

IVTDOM % 64.38a
 60.83b

 59.98b
 57.21c

 1.14 0.001 

IVTDNDF%, 39.03a
 34.79a

 36.67a
 38.26a

 3.12 ≥0.05 

IVTDADF% 34.44a
 31.87a

 34.58a
 35.82a

 2.84 ≥0.05 

IVTDADL% 12.60b
 12.43b

 19.02a
 16.66ab

 2.16 0.0001 

 

             IVTDDM =In-vitro tru digestibility dry matter, IVTDOM =In-vitro tru digestibility organic matter, IVTDNDF 

        = In-vitro tru digestibility neutral detergent fibre, IVTDADF= In-vitro tru digestibility acid detergent fibre 

        IVTDADL= In-vitro tru digestibility acid detergent lignin 
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                                Table 7 4: Effects of FSF inclusion levels on diets quality. 

 
 

Levels of FSF 

inclusion 

DMD% DMI(%LW) RFV RFV -Quality %INVTD 

0 % 62.07ab 3.10a 149.95a 1-good 83.44a 

 

2 % 

 

64.07a 

 

3.50a 

 

175.60a 

 

Prime 

 

87.48a 

4 % 58.07b 3.47a 155.99a Prime 84.53a 

6 % 60.99ab 3.15a 150.08a 1-Premium 86.85a 

 

SEM 

 

2.21 

 

0.32 

 

17.90 

  

2.89 

P-value 0.05 0.08 0.07 
 

0.05 

 

             DMD= dry matter digestibility, DMI= dry matter intake, RFV= relative feed value 
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7.4.   Discussion 

Mean ruminal pH and temperature values were within the normal physiological range of 6.1 to 

6.8 in all experimental lambs, as observed by Van Soest (1994). Imani Rad et al. (2016) and 

McDonald et al. (2011) reported that factors such as DMI, type of diets, addition or non- 

addition of an additive, hay to concentrate ratio, the physical structure of the diets, digestibility, 

and feeding method affect rumen pH. In this study, these factors were not different among the 

dietary treatments; thus, there was no change (P ≥0.05) in the rams' rumen pH. This means that 

the inclusion of FSF in the diets of Dohne-merino wethers maintained the ruminal pH and 

ruminal metabolism. The reason for this could be that FSF has a buffering capacity, which helps 

to stabilize the rumen pH. The mean ammonia concentration for 2% and 6% FSF values 

obtained from this study were within the minimum concentration of 5 mg/dL required for 

maximal growth of microbes in the rumen of animals (Sinclair DA, Dawes IW, 1993). The 

concentration of ammonia-N was affected by the inclusion of FSF at 2% and 6% in the diets of 

Dohne -merino wethers, compared to the 0 % level (P < 0.05). The reason could be that since 

FSF increased protein available in the rumen (McDonald et al., 2011), it follows that there 

would be degradation of excess crude protein in the rumen, leading to ammonia accumulation 

in the rumen. This will enhance rumen protozoa growth. This aligns with the study of Pal et al. 

(2010), who reported that when feed protein degradation is depressed in the rumen, protozoa 

growth is hindered as a result of a decrease in rumen ammonia concentration. 

 

The main supply of energy to ruminants comes from the end products of fermentation by various 

microorganisms in the rumen, which is VFA (Imani-Rad et al., 2016; Van Soest, 1994). Hence, 

sheep performance and productivity can be enhanced through diets that promote higher 

production of VFA compared to lesser amounts (Penner, 2014). Though the amount of total 

molar VFA observed in this study was reducing as FSF inclusion levels increased, it still falls 

within the normal ranges of 60 to 150 mmol/L as reported by Imani-Rad et al. (2016) and 
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 Martínez-Fernández et al. (2014). Also, the lowering of total VFAs, acetic acid, butyric, and 

iso-butyric acid concentration as the inclusion of FSF increases were similar to Partanen and 

Jalava's (2005) findings. The reduction in molar total VFAs and individuals in rumen fluid 

may be due to FSF's antimicrobial effects on rumen bacteria. There might be a change in the 

metabolic pathway through which microbes utilize substrates, reducing the typical VFA by-

products (Baltran and Martins, 2015; Fernandez et al., 1998; Ikusika et al., 2019). However, the 

net reduction is very small, as the VFA concentration was still within the normal VFA mM 

ratio. 

The diet consisted of maize, sunflower oil cake, wheat bran, molasses, limestone, salt, and 

premix, while the hay was a combination of teff and Lucerne in equal proportion. Teff and 

Lucerne have been reported to be the right combination for sheep production, positively 

impacting performance (Kafilzadeh et al., 2012). The NDF, ADF, and ADL observed in this 

study are within the normal range reported by Gebremariam et al. (2014) on teff and Lucerne. 

The diet CP% (14.7) was above the average CP% (~7.5) for ruminant nutrition, as reported by 

Fitwi and Tadesse (2013). The supplemented feed CP% varied from 15.52 compared to the 55 

g/kg DM for teff and 118.0 g/kgDM for Lucerne reported by Ghasemi et al. (2012). This could 

be due to the addition of concentrate to the diets. The major component of the concentrate, such 

as sunflower cake and maize, were richer in crude protein than teff and Lucerne. The similarity 

in the values of the various components shows uniformity in the basal diets, and the only source 

of variation can simply be FSF levels. However, the addition of FSF at various inclusion levels 

in this study did not affect the diets' chemical composition. 

The use of different feed additives to improve fibrous feeds' digestibility in ruminants has been 

reported severally (Aboagye et al., 2015; Kondratovich et al., 2017; Salman et al., 2017). 

However, information available on using fossil shell flour as additives for improving rumen 

parameters and influence on true digestibility and relative feed values in sheep was very few 

and not Dohne Merino wethers. Emeruwa (2016) reported a significant difference in sheep 

supplemented with varying amounts of FSF and the control for in vitro organic matter 



234  

digestibility. It was observed that treatment with 2 % inclusion levels had the highest INVTDOM 

% (62.19%) among all the treatments. This was contrary to the present study's findings, which 

show that the control treatment had the highest INVTDOM % values. The difference could be 

attributed to the different feed ingredients used in the two experiments. In this trial, both 

concentrate and hay were used, while Emeruwa (2016) used concentrate feed only. 

The IVTDNDF% is an essential parameter for determining feed intake and quality (Oba and 

Allen, 2011; Salman et al., 2017). In this study, the values of IVTDNDF% tended to be higher in 

the 0 % inclusion level than 2%, 4%, and 6% FSF. This means that digestibility decreased with 

increased FSF. This could be as a result of the antimicrobial properties of FSF that might have 

reduced the activities of the ruminal microorganism such as Ruminococcus albus, 

Ruminococcus flavefaciens, and Butyrivibrio fibrisolvens that degrade fibrous feeds. The 

mechanism of action was not known but could be associated with FSF's ion exchange and 

absorption property, which can alter the cells' electrolytes balance. This interruption can disturb 

the trans-membrane movement and intracellular equilibrium of ions, exhausting and causing 

some microorganisms' death. 

The observation in this study was similar to the reduction in NDF and ADF values obtained in 

a trial conducted by Anassori et al. (2012). They investigated the effects of different feed 

additives on INVTDNDF% and INVTDADF %, and it was reported that Monessin and essential 

oil decreased NDF and ADF degradability in the Daisy200 digestion method. The reason is that 

Monessen has an inhibiting effect on gram-positive microorganisms, which include most of the 

cellulolytic bacteria, capable of hydrolyzing fiber, thereby reducing NDF degradability. This 

gave a strong backing of FSF's antimicrobial potential as indicated in the previous experimental 

chapter hence the decrease in INVTD observed in this study. 

The feed quality improved with an increase in FSF addition in the diets, and all the treatments 

proved to have premium feed quality generally, as demonstrated by the relative feed value. 

There was no significant difference between them. The premium rated feed values obtained in 

this study resulted from an increase in DMD and DMI values. The inclusion of FSF increases 
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the feed intake of withers as well as dry matter intake and dry matter digestibility. The 

mechanism explaining this was not clear but was associated with FSF richness in minerals such 

as Na, Ca, Mg, Cu, and Fe (Adebiyi et al., 2009). 

Moreover, these minerals seem to increase the palatability of the diets (Desimone et al., 2013; 

Garmyn et al., 2011); hence, the high feed intake value. This agreed with the finding of Silva et 

al. (2015) and Moyo et al. (2019), who both reported that mineral supplementation has positive 

effects on feeding acceptance vis-a-vis the feed intake and the DMI. Similarly, Sahoo (2011) 

reported that the addition of mineral supplements to sheep's diets increases the animal's 

preference for such feed. The addition of FSF in the diets also increased INVTD%. Diets 

supplemented with FSF has higher INVTD numerical values than the non-supplemented diets 

(0%). Nevertheless, no significant difference was observed. 

 

7.5.   Conclusion 

This study showed that adding FSF at varying levels to diets of wethers containing concentrate 

and hay (teff and Lucerne) has no adverse effects on ruminal temperature and pH. Also, the 

increasing level of FSF did not have any major changes in total molar VFA but with a relative 

increment in ammonia nitrogen concentration at 2 % inclusion level. In vitro digestibility results 

showed no adverse effects on the diets. Fossil shell flour, being rich in minerals, improved feed 

intake, and feed values of the diets. Therefore, FSF has the potential to enhance the production 

performance of Dohne Merino wethers. Though IVTDNDF% decreased with an increase in FSF 

levels. INVTDADF% also decreased up till 4 % inclusion levels. However, there is a need for 

further investigation using in vivo digestibility techniques with FSF to show the effects of 

different levels of FSF supplementation to support the in vitro true digestibility findings in the 

current study. 
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Chapter 8 

 

General discussion, conclusions, and recommendations 

 

8.1.   General discussion 

Livestock production is key to tracking food security, and sheep production can play a major 

role in improving food security globally. In the recent century, sheep farming has been practiced 

in almost all places where human beings are found and are key to many civilizations (Skapetas 

and Kalaitzzidou, 2017). This is because sheep are very adaptable to relatively nutrient-poor 

diets, tolerance to extreme climates (from very cold to very hot and humid), and can easily be 

managed because of their small body frame. Likewise, sheep required a small area and feed 

compared to large animals. Sheep has high fecundity and is small enough to be consumed by 

an average rural family in a day or two; hence no refrigeration facilities are needed. The sheep 

industries are a source of employment to millions of people worldwide, especially in developing 

and underdeveloped nations. Sheep provides meat, milk, wool, hides, and some other by-

products consumed by man and instrumental to the economic growth of many countries. In 

meeting these needs, sheep farmers have employed inorganic feed additives to boost sheep's 

production performance. However, many countries have promulgated laws that prohibit using 

such inorganic feed additive for farm animals because of the health challenges it poses to the 

consumer. Therefore, scientists and farmers have moved to the use of organic feed additives for 

sheep. Among the recently used organic feed additives for sheep, production is fossil shell flour. 

That is why the broad objective of this study was to assess the growth performance, nutritional 

status, wool parameters, blood, and parasitic profile of Dohne-Merino sheep fed on a diet 

supplemented with varying levels of fossil shell flour. The main hypothesis tested was that 

varying inclusion levels of fossil shell flour would influence the growth performance, nutritional 

status, wool parameters, blood, and parasitic profile of Dohne-Merino wether. 
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Chapter 3 hypothesized that varying inclusion levels of Fossil shell flour affect the growth 

performance, water intake, digestibility, and N retention of Dohne-merino wethers. The results 

obtained in chapter 3 confirmed the hypothesis tested. One of the major purposes why farmers 

(both commercial and communal) keep sheep is for sale. The price depends on the size and 

weight of the sheep. Sheep can utilize poor nutrients diets, but feed additives have been shown 

to improve their growth performance. The results agreed with the hypothesis that the addition 

of FSF has effects on the growth performance, water intake, digestibility, and N- retention of 

Dohne-Merino sheep. The inclusion of FSF in Dohne merino wethers' diet had a significant 

effect on the feed intake. It was observed that the addition of FSF increased the feed intake and 

thereby increased the average daily gain (g/l) of the wethers, especially wethers fed on diets at 

4 % FSF. This finding suggests that FSF could be a performance enhancer, which will make 

Dohne -Merino reach market weight earlier than expected. Also, the inclusion of FSF in the 

diets of whether will reduce production cost. This is because FSF is cheaper compared to 

inorganic or any other feed additive used in sheep production. The effect of FSF on water intake 

showed that wethers on a diet with 0%FSF had the highest water intake per day while wethers 

fed on a diet with 6% had the least water intake. On the part of digestibility, FSF's effect was 

very significant for CP intake between FSF supplemented diets and the control. This indicates 

that FSF enhanced the absorption of protein into the animal system, making it available at tissue 

levels. The N-retention increased as the rate of inclusion of FSF in the diets goes higher. This 

outcome showed fecal N and urinary N were higher in control compared to FSF supplemented 

diets. Inclusion levels had significant effects on fecal N but not on urinary N. This suggests that 

FSF could reduce environmental pollution through the reduction in fecal and urinary N- 

excretion by Dohne-Merino sheep. 

Experimental chapter 4, assessed the hematobiochemical and parasitic profile of Dohne-Merino 

sheep fed diet supplemented with varying amounts of fossil shell flour. The hypothesis tested 
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was that varying amounts of fossil shell flour in the diets will not influence the 

hematobiochemical and parasitic profile of Dohne merino wethers. The tested hypothesis was 

rejected as it affected the hematobiochemical and parasitic profile of Dohne-Merino sheep 

supplemented with varying amounts of fossil shell flour. The results showed that FSF's addition 

at 4% (T3) and 6% (T4) to the diets improved the white blood cell of the wethers as from 30 

days of adding FSF to the diets. An increase in the white blood cell of the wethers due to FSF 

supplementation suggests that the ability of the wethers to fight the invasion of any foreign body 

had improved. This means that the immunity system of wethers can be built through FSF's 

addition in their diets (Weaver et al., 2013). In an environment where diseases are prevalent or 

during the rainy season when pathogens easily multiply in the body of sheep, supplementation 

of sheep diets with Fossil shell flour could alleviate this challenge. Likewise, in all the 

treatments in this study, RBC, MCV, MCH, Hgb, and Hematocrits values indicate that inclusion 

of FSF into Dohne Merino wethers' diets improves the hematological blood parameters. This 

indicates that FSF inclusion in feed has the capability of supporting the high oxygen-carrying 

capacity of the blood (Babeker and Bdalbagi, 2015). Improvement in total protein level 

observed for wethers on 2%, 4%, and 6% FSF diets compared to wethers on 0% FSF diet shows 

that more nitrogen was available at the tissue level as a result of FSF supplementation. Also, 

blood urea, which was an indicator of protein metabolism conditions and dietary amino acid 

balance in the animals, was observed (Tao et al., 2018). The results showed that the addition of 

FSF up to 6% inclusion rate brings about high urea levels in the bloodstreams. This implies that 

FSF's addition in the diets of Dohne- Merino wethers more than 4% will lead to high levels of 

urea in the blood. This could be because FSF increases protein concentration in the rumen of 

sheep, and excess protein may be broken down to ammonia in the rumen, which will be 

transported to renal organs through the blood in the form of urea. The addition of FSF also 

influenced serum creatine. The concentration of creatinine was least in wethers on 4% FSF 

diet compared to 
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others. Creatinine is a waste molecule resulting from protein metabolism, and its low 

concentration suggests reduced catabolism rate in wethers on 4% FSF diet (Paswan et al., 2016). 

Serum glucose also witnessed FSF influence. Wethers fed on diets with 0% FSF were lower 

than wethers on FSF supplemented diets. Finally, in this chapter, FSF effects on wireworm, 

long-necked worm, liver fluke worm, conical fluke worm, and coccidia were examined at days 

0, 10, 30,7 0, and 100. The results showed that wethers fed 4% and 6% FSF supplements, at 

day 30, had a remarkable reduction in counts of various worms considered while wethers fed 

2% FSF had a decrease in the counts of worms investigated at day 70. This suggests that the 

economic losses resulting from gastrointestinal parasites in sheep production in the semi-arid 

and arid regions can be greatly reduced by adding FSF to the diets at a minimum of 4% for 

quick action. The increase in average daily feed intake and average daily weight gained as FSF 

inclusion levels increases in experimental chapter 3 could result in an FSF positive effect on the 

wethers' blood and parasite profile. 

In chapter 5, varying levels of fossil shell flour were adopted to test whether they can influence 

feed preference, body condition scores, and wool parameters of Dohne-Merino wethers. This 

hypothesis was found to be true. The body condition scoring, average daily weight gain, and 

dry matter intake were influenced by FSF levels in the diets and were peaked at 4% FSF 

inclusion level and later declined a little at 6% FSF inclusion level. The wethers visited diets 

supplemented with FSF more than the control. FSF's effectiveness in killing nematodes might 

have influenced animal behavours towards their consumption, hence reducing worms in FSF 

supplemented diets. Also, among the supplemented diets, the number of visits increased as FSF 

increases in the diets. Diets with the highest time of visit have lower nematodes and higher 

WBC counts compared with the control. A linear correlation exists between dry matter intake 

and wool growth. It was noticed that wethers fed on a diet with 6% FSF had the highest wool 

growth than at 0% FSF supplementation. This implies that FSF got rid of the nematode 

infection, and the energy was channeled to wool growth. Also, an increase in WBC in FSF 

supplemented diets, as recorded in chapter 4, suggests less infection in wethers fed FSF 
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supplemented diets. A slight change was noticed in fibre diameter between the control and the 

supplemented diets, while a considerable difference was observed between the control and the 

supplemented diets in staple length, FDCV, and fibre>15%. Therefore, it implies that the 

amount of FSF in Dohne-Merino wethers' diets influenced wool growth, staple length, slightly 

fibre diameter, FDCV, and fibre>15%.            

Chapter 6, investigated the effect of dietary supplementation with fossil shell flour on enteric 

methane output and position-dependent variations in Dohne-merino wethers. The hypothesis 

tested was that dietary supplementation with fossil shell flour would reduce the enteric methane 

output and is not position-dependent in Dohne-merino wethers. The hypothesis was not 

accepted for methane output and position-dependent in Dohne-Merino wethers. This study 

showed that daily methane emissions (ppm-m) increased as the FSF inclusion increases. This 

could be because FSF increases the wethers' feed intake, thereby increasing the DMI (g/kg). 

Wethers on 4% FSF diets had the highest dry matter intake, and likewise, the daily methane 

output was peaked at that level of FSF inclusion. This result suggests that FSF promotes 

methanogen or protozoan populations in the absence of parasitic microbes in the rumen. As 

seen in the previous chapter, FSF can deworm or has antimicrobial potential. Finally, in this 

chapter, it was observed that the amount of methane generated during resting was higher than 

the amount generated during feeding or standing. This could be as a result of many movements 

and displacement in the digestive system during the process of regurgitation that happens during 

resting of the wethers, which could lead to more escape of methane gas from the rumen to the 

atmosphere through the nostril. Healthier rumen means more microbes more digestion of the 

much-reduced particle size from regurgitation leading to high digestion and then more methane 

Chapter 7 examined the effect of dietary Fossil shell flour supplementation on Dohne-merino 

wethers’ basal diet rumen fermentation parameters, in vitro true digestibility, and relative feed 

values. It was hypothesized that dietary fossil shell flour supplementation on Dohne- merino 

wethers basal diet will decrease rumen fermentation parameters, in vitro true digestibility, and 

relative feed values. This hypothesis was accepted as rumen fermentation parameters, in vitro 
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true digestibility, and relative feed values affected by supplementation of basal diets with fossil 

shell flour. Ruminal ammonia-N concentration increased by the inclusion of FSF at 2% and 6% 

in the diets of Dohne -merino wethers, compared to the 0% level but decreased at 4% FSF 

supplementation. The reason could be that since FSF increased protein available in the rumen 

(McDonald et al., 2011), it, therefore, follows that there would be degradation of excess protein 

in the rumen, leading to ammonia accumulation in the rumen. This will enhance rumen protozoa 

growth. Chapter 7 complements Chapter 6 that FSF promotes archaeal and protozoa growth that 

generates more methane in the rumen. Total VFAs, acetic acid, butyric, and iso-butyric acid 

concentration reduced as the inclusion of FSF increases. This may be due to FSF's antimicrobial 

effects on rumen bacteria because most of the volatile fatty acids are being produced by 

fibrolytic bacteria activities. The IVTDNDF% tended to be higher in the 0% FSF inclusion level 

than 2%, 4%, and 6% FSF inclusion levels groups. This means that digestibility decreased with 

increased FSF. This could result from a decrease in the activities of fibrolytic rumen bacterial 

by the antimicrobial properties of fossil shell flour. The relative feed value improved with an 

increase in FSF addition in the diets, and all the treatments proved to have premium feed quality 

generally. This could not be associated with fossil shell flour richness in minerals such as Na, 

Ca, Mg, Cu and Fe, but to the decrease in nematode counts, increase in DMI, and increased 

nutrient content. Finally, diets supplemented with FSF had higher INVTD % numerical values 

than non-supplemented diets. 

 

8.2.   Conclusion 

The inclusion of fossil shell flour in the diets of wethers influenced the growth performance, 

nutritional status, hematobiochemical and parasitic profile, and wool parameters of Dohne-

Merino wethers. The addition of FSF to the diet of Dohne-Merino diet did improve not only the 

weight gain and nutrition status but also the immunity system of the sheep. It also reduces 

gastrointestinal parasite load; hence better wool quality is being produced. As a result, 

commercial and smallholder farmers can increase their productivity as well as profit. To ensure 
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FSF resourceful utilization, Dohne- Merino wethers can be fed on diets with 4% FSF. This is 

because 4% FSF supplementation gave the best in terms of growth performance, nematodes 

reduction capacity, WBC counts, low blood urea, good wool parameters, and feed preference. 

Likewise, 4 % FSF did not give the highest methane output nor performed badly in digestibility. 

Therefore, the optimal level for fossil shell flour inclusion in the diets of Dohne-Merino can be 

set at 4 %, so that the overall performance of Dohne-Merino wethers is not compromised. 

 

8.3. Recommendations 

 Inclusion of FSF into the diets of sheep would yield desirable live weights and BCS,  

therefore, farmers who dispose of their sheep through market channels that pay based on 

weights are encouraged to add FSF to their diets, especially at 4 % inclusion level, to realize 

bigger profit margins.  

 In a period of disease prevalence, the addition of FSF to the diets of sheep could boost the 

immunity system of the sheep. 

 The use of FSF as natural anthelmintics had been ascertained in this study; however, for          

FSF to be effective as anthelmintic, at least 4 % inclusion rate should be incorporated into the 

sheep’s diet and be fed continuously for a minimum of 30 days. 

 It had been established in this study that the addition of FSF up to 6 % inclusion level to the 

diet of sheep could increase wool yield; hence, commercial and smallholders’ wool farmers 

can increase their wool yield and quality by adding FSF to the diets of their sheep, 3 to 4 

months before shearing to boost the wool yield and quality.  

 Preference to a diet containing FSF by sheep had been ascertained; therefore, FSF could be 

used to enhance the palatability of sheep suffering from anorexia. 

 Since it had been ascertained in this study that more methane is emitted when sheep are resting 

than when feeding or standing idle, sheep could be allowed to rest in an enclosed place where 

the methane can be captured, and prevention to the atmosphere are prevented. 

8.4. Prospects 
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Further research on the use of FSF in livestock production is necessary to broaden knowledge 

on FSF. Possible areas are: 

 The effects of FSF on methane output needs to be investigated in vivo.  

 In the same way, the effects of FSF on the microbial communities needs to be examined.  

 The use of other species of animal and breeds of sheep, especially milk-producing 

breeds, other than the Dohne-Merino breed used in this study, needs attention. This 

broadens the scope of fossil shell flour in livestock production and investigates its effect 

on milk yield and constituents. 

 It is also significant to investigate the meat quality to help ensure consumers' acceptance 

and perspective.  

These gaps will form key components of the projects of my postdoctoral research. 
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Simple Summary: Fossil shell flour or Diatomaceous earth is made up of amorphous silicates with 

important physical and chemical characteristics that enable it to be used for different purposes 

including uses in livestock production. The substance is nontoxic, cheap, and readily available in 

large quantity in many countries. Recently, fossil shell flour has been modified as additives for several 

uses. Recent studies have supported its use as animal growth promoter, vaccine adjuvant in livestock, 

water purifier, mycotoxin binder, inert dust applications in stored-pest management, pesticide, 

animal feed additive, as a natural source of silicon in livestock, and as natural anthelmintic. Numerous 

advantages of fossil shell flour include its low-cost and availability, its nontoxic  characteristics,  and 

the fact that food grade diatomaceous earth is safe for human consumption. Likewise, all farmers, 

whether commercial, small-scale, or communal, can make use of fossil shell flour. The numerous uses 

of fossil shell flour give room for all types of farmers to explore the various benefits and applications 

of fossil shell flour. It is believed that through this publication, the potential of fossil shell flour will 

be exposed and explore by many countries 

 
Abstract: Fossil shell flour (FSF), also known as Diatomaceous earth, or diatomite, consists of 

amorphous silicates with important physical and chemical characteristics, including porosity and 

permeability, low density and thermal conductivity, tiny particle size, high surface area, solubility, 

hydrophobia, and absorption capabilities, which are molecular filter actors, substituting their integral 

cations without physical changes. The substance is  nontoxic,  cheap,  and  readily  available  in large 

quantity in many countries. Recently, FSF has been modified as additives for several uses. Recent 

studies have supported its use as animal growth promoter, vaccine adjuvant in livestock, water 

purifier, mycotoxin binder, inert dust applications in stored-pest management, pesticide, animal feed 

additive, as a natural source of silicon in livestock and as natural anthelmintic. Numerous advantages 

of FSF include its low-cost and availability, its nontoxic characteristics, and the fact that food grade 

diatomaceous earth is safe for human consumption. In this paper, we review the main uses of FSF in 

the livestock industry, with reference to similar works earlier published that elucidate their important 

roles. 

 
Keywords: fossil shell flour; parasites control; performance enhancer; mycotoxin control; stored grain 

pest control; water purifier 
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1. Introduction 

Increase in the world’s population has placed ongoing demand on agriculture, especially in the 

livestock sector, for food security [1]. However, livestock farming faces challenges due to increases in 

the prevalence of gastrointestinal parasites and other disease-causing parasites, as well as low quality 

feeds which has resulted in compromised feed conversion efficiency and thus growth rates [2]. As a 

result, farmers use diets supplemented with feed additives in order to promote efficiency. Antibiotic 

feed additives are commonly used. This chemical-based feed additive is expensive and the residue on 

animal products has health implications for the consumer. In addition, the persistent use of antibiotics 

has caused the spread of antibiotic-resistant bacteria to animals and humans.   Therefore,  there is    a 

need to replace antibiotics with naturally-occurring feed additives such as prebiotics, probiotics, feed 

enzymes, herbal extracts, and organic acids, in order to have healthier meat and still achieve optimum 

production [3]. One such alternative is fossil shell flour (FSF). 

Fossil shell flour (FSF), or diatomaceous earth, has numerous uses, including in water purification, 

as a performance enhancer in livestock, as a mycotoxin binder, and in stored grain pest control. 

In addition, it can be used as a dietary supplement for animals as well as other agricultural applications 

[4,5], thus contributing to livestock productivity and consequently food security and safety. According to 

the authors of a past work [6] diatomaceous earth consists of geologically-deposited fossilized skeletal 

remains of siliceous marine organisms and freshwater unicellular species, particularly algae and 

other diatoms. Diatoms can be described as minute, single-celled water organisms. These minute 

organisms are confined by a glassy crust. This crust is formed from the silicon dioxide in its source 

water. Diatomaceous earth is differentiated into two types based on source. One originates from the sea 

and the other from fresh water such as lakes. Diatomaceous earth from fresh water is preferred 

because it is richer in silicon dioxide. Diatomaceous earth (food grade) for use in livestock must be 

crushed until a fine flour is formed. It is then referred to as amorphous silica or fossil shell flour. When 

viewed with a powerful scientific microscope the miniature sharp edges can be seen, but it physically 

feels like chalk dust. Many of these fossilized sedimentary layers have been in existence for a 

minimum of twenty million years in the Eocene and Miocene epochs lakes and seas [7]. The physical 

and chemical properties of fossil shell flour enable it to play a vital role in livestock production. 

Previous authors [8,9] have stated that the surfaces of diatoms possess many porous nanostructure 

silica cell walls or frustules, enlarging its surface area and enabling it to be used as a substance 

carrier. It has been acknowledged as an animal natural health and sustenance product [10,11], and 

is described as a fine and pale color silica dust which has the ability to absorb liquids with a definite 

abrasive characteristic obtained after quarrying, crushing and milling [12,13]. Due to its abrasive 

property, FSF has been effective when used as vector and gastrointestinal parasite control in ruminants 

and poultry [14–16]. In this paper, we carried out a review of the main uses of 

FSF in the livestock industry and other areas of human endeavors. 
 

2. Physical and Chemical Characteristics of FSF 

Fossil shell flour (FSF) is fine, soft, lightweight, pale colored, is of biogenetic sources, and is 

comprised mainly of amorphous silicon (SiO2NH2O), derived from the skeletons of diatoms. It is 

abundantly available on the planet earth and has distinctive physical properties, such as porosity (35–

65%), permeability (0.1–10 MD), low density and thermal conductivity, tiny particle size [17], and 

large surface area [18]. The characteristics of the surface of diatomite, such as acidity, solubility, 

hydrophobicity, ion exchange, and absorption functionalities, are largely controlled due to the presence 

of water, which is partly and morphologically connected with the crystal structure of the diatomaceous 

earth, thereby resulting in vigorous hydroxyl groups [19]. Its unique porosity (typically 10–200 µm), 

minute particle size, extensive surface area, high permeability, poor thermal conducting properties, 

and chemical inertness makes it of great interest among naturally-occurring materials [20,21]. Table1 

shows the elemental composition of natural FSF and Table2[ 22] compares the chemical composition of 
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fossil shell flour from various locations. Kilpinen and Steenberg [23] reported that FSF from difference 

sources have difference therapeutic strength against parasites especially in poultry 

 
Table 1. Composition of natural diatomite [24,25]. 

 

Chemical Content (% Weight) Natural Diatomite 

SiO2 82.16 

Al2O2 4.89 

FeO2 1.46 
CaO 1.23 
MgO 0.89 

MnO2 0.52 
KiO 0.54 
NaO 0.43 

TiO2 0.19 

P2O5 0.12 

Loss of Ignition 7.55 

 
Table 2. Chemical composition of different sources of diatomite (%) [26–30]. 

 

Country/Sample SiO2 Al2O3 Fe2O3 TiO2 Na2O KO2 CaO MgO L. Others 

China 82.95 5.75 1.41 0.69 0.06 0.06 0.24 0.21 7.95 

Turkey 76.5 7.25 3.85 0.5 0.45 0.85 - - 0.43 

Egypt 83.6 2.24 1.07 0.17- - 0.53_ 6.17 _ 4.86 

Algeria 72.1 5.3 3.8 0.37 0.65 0.54 7.2 2.6 7.44 

Jordan 7.25 11.42 5.81 _ 7.21 0.69 1.48 0.25 0.66 

Mexico 70.38 13.52 3.37 _ 0.17 0.3 0.66 0.42 11.18 

Guangdong Chin 90.1 _ 0.3 0.4 _ _ 0.5 0.2 8.5 

Shengzhon, China 65 17.50 4.8 _ 0.5 _ 1.1 _ 11.1 

Morocco 62.8 9.7 11.4 _ 7.3 _ _ _ 8.8 

China 72 7.3 4.3 _ 1.8 1.2 10 1 2.4 

Suizhon, China 71.35 13.26 5.5 0.08 6.7 0.11 1.94 0.15 0.91 

Caldiran, Lake Van Basin, Turkey 69.7 11.5 0.65 0.65 0.08 1.4 _ _ 15.3 

United States 79.55 8.18 2.62 0.70 0.25 1.30 1.31 _ 3.8 

Kenya 84.5 3.06 1.86 0.17 1.80 0.39 1.19 0.91 6.08 

Spain 88.60 0.62 0.20 0.05 3.0 0.81 0.50 0.39 5.20 

Russia 79.92 6.58 3.56 0.48 1.43 0.98 0.65 0.72 4.91 

Canada 89.7 3.7 1.09 0.10 0.30 0.55 0.31 0.41 3.70 

Japan 86.0 5.8 1.6 0.22 0.07 0.29 0.48 0.53 4.4 

Nevada 86.0 5.27 2.12 0.21 0.34 0.39 0.24 0.29 4.90 

Shengzhou, China 89.6 2.5 1.8 _ 1.5 _ 1 _ 4.5 

 
Natural fossil shell flour can be changed by treating it with hydrochloric acid to purify the   silica 

surface. This helps to significantly mitigate the input of detrimental calcium, iron, aluminum, 

magnesium, and alkaline rudiments while dissolving little of the silica [21,31,32]. Table3shows the 

chemical characteristics of modified and natural FSF, obtained through X-ray fluorescence spectrometer. 

The composition reveals that silicon dioxide (SiO2) is the major constituent while small amounts of iron 

oxide (Fe2O3) and aluminum oxide (Al2O3) are also present [32,33]. After modification, fossil shell flour 

can remove substances such as Lead (Pb2+), Copper (Cu2+), and other heavy metals optimally. One of 

the elements used in diatomite modification is magnesium oxide, which is achieved by treatment with 

sodium hydroxide and manganese chloride [34]. 
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Table 3. Chemical composition of natural & modified diatomite (%) [32,33]. 

 

Compound Natural Diatomite Modified Diatomite 

SiO 63.31 56.79 

Al2O3 13.42 12.15 

Fe2O3 12.58 10.11 

Na2O 0.74 2.37 
CaO 0.49 0.08 

Cl <0.019 9.12 

Loss on Ignition 6.54 6.73 

 
3. Availability and Accessibility 

Fossil shell flour (FSF), or diatomite, has been known for decades and several countries are actively 

involved in mining, milling, and transformation of this compound. The world production of diatomite 

in 1981 was 1.5 million tons,  close to half of which came from North America [34].  Table4shows  the 

major world producers of diatomite and the estimated annual quantity produced. The resources of 

crude diatomite all over the world are sufficient for the anticipatable future and its production 

worldwide is used in absorbents (9%), fillers (14%), cement (21%), filter aids (55%), other uses (1%), as 

well as specific pharmaceutical, biomedical, and agriculture uses. 

Table 4. World diatomaceous earth production (in thousand metric tons) [34,35]. 
 

Country 2014 2015 2016 2017 

USA 901 925 850 700 
Argentina 100 55 200 200 

China 420 420 420 420 
Czech Republic 49 50 450 450 

Denmark 95 95 440 440 
France 75 75 75 75 
Japan 90 100 100 100 

Mexico 88 80 80 90 

Peru 125 125 150 120 
Russia 70 70 70 70 
Spain 36 36 50 50 

Turkey 85 90 60 60 

Other countries 122 170 120 120 

 
4. Types of Farmers Making Use of FSF 

There are serious losses to stored grain suffered by communal farmers in sub-Saharan Africa 

because of insect damage. However, as many of these farmers cannot afford the cost of chemical 

protectants, they are resorting to using diatomaceous earth to preserve their produce for their 

household and livestock use [36]. Diatomaceous earth is cheap, readily available, effective against 

insects, and safe to use. 

All farmers, whether commercial, small-scale, or communal, can make use of FSF. The numerous 

uses of FSF give room for all types of farmers to explore the various benefits and applications of fossil 

shell flour. Stathers et al. [36] and Mvumi et al. [37], observed in two different studies that small-scale 

farmers in Tanzania and Zimbabwe were able to preserve their grains for both their animals and 

their household by applying diatomaceous earth to the grain at the rate of 0.1% (w/w). Likewise, Badii 

et al. [38] reported that diatomaceous earth applied at 1.50 or 2.00 g kg−1 at 50% RH is a feasible 

substitute for preventing C. maculates infestation in stored Kersting’s groundnut for commercial and 

small-scale farmers. 

Another opportunity that is open to commercial, small-scale, and even communal farmers in the 

use of diatomaceous earth is that food grade diatomaceous earth can be put in a bowl and placed in 

the pen or barnyard as a mineral lick for the animal [39]. Farmers of different scales of production can 
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therefore make use of diatomaceous earth for their animals to preserve feed ingredients as well as 

provide a source of minerals as well as other numerous uses. 

5. Potentials of Fossil Shell Flour 

 

5.1. Potential of FSF in Parasite Control in Livestock 

Parasitism in small ruminants is a major problem for farmers. By their nature small ruminants, 

especially sheep, graze close to their own dung, which exposes them to parasitic ova and subsequently 

parasite load [40]. Consequently, parasitic gastroenteritis continues to be a health risk and constraint 

to the production of small stocks due to associated disease, mortality, control measures, and cost of 

treatment at clinical as well as subclinical levels [41]. Economically, a reduction in profitability levels 

of ~15%, including weight loss of ~50% on account of intestinal parasites, have been reported [42,43]. 

This loss is a result of low production on account of poor growth, low weight gains, and poor utilization 

of feed [44]. Parasites can cause hematological and biochemical turbulences in sheep [44], as well as 

anorexia, altered water and electrolyte balance, anemia, poor reproductive performance, and weight 

loss, which can consequently lead to an increase in the mortality rate of lambs [14]. Studies have 

revealed that GIT parasites are significant causes of production losses in sheep,  particularly    in sub-

Saharan Africa, [14,45]. At any stage in the growth of sheep, they can be vulnerable to gastrointestinal 

nematodes, although lambs and peri-parturient ewes are most epidemiologically affected [46]. One of 

the main organisms that economically restricts sheep production worldwide  are gastrointestinal 

nematodes [15]. The most important factor which limits the control of this parasitic organism is the 

stable increase of anthelmintic resistance globally, particularly if animals are underdosed or treated 

under preventative and suppressive treatment regimes. Therefore, alternative and/or complementary 

sustainable control programs would be beneficial [47,48]. 

For the past two decades’ fossil shell flour (FSF) has been used to naturally deworm animals. The 

authors of a previous paper [5] clearly demonstrated that a 2% inclusion rate of FSF can be used with 

positive results in the destruction of internal parasites and worms. In the study,  the inclusion  of FSF 

increased the productivity and profit on dairy and beef cattle farms as a viable alternative      to 

synthesized chemical products. The National Experimental Council and the National Council of 

Organic Standards in the USA discuss the disadvantages of chemical inoculations in their database of 

published products and suggest that Diatomite be used as an alternative [5]. A previous study [49], on 

the efficacy of fossil shell flour with ewes and lambs, reports that when feeding sheep with a 

combination of FSF and a mineral supplement, with no other anthelmintic used, at a ratio of 1:1 for 

three months, the incidence of Haemonchus in ewes was minimized compared with the control. 

Lambs fed with 2% inclusion rate of FSF appeared to have an earlier gain in weight, tails that 

were cleaner, and shining wool [49]. Also, great improvement in the general body condition of the 

lambs was reported. Deutschlander [49] also performed a similar study using heifers. He reported that 

heifers that were five hundred-pound in weight that were fed FSF pasture on free-choice conditions 

showed no worms either mid- or late-season. The heifers consumed FSF of about one pound per week 

per heifer and when the dairy cows were not fed FSF for a few days they craved the substance and 

consumed several pounds as soon as it was made available to them. Despite the heavy feeding on FSF 

no side effects were recorded in the cows and they remained in good condition. He concluded that the 

lambs performed much better than the ewes and cattle while on pasture. In addition, the use of FSF 

recorded savings of $1.50 per head for both ewes and cattle as a dewormer over the use of conventional 

medicines. Deutschlander [49] observed that the body conditions of the heifer and ewes were very 

satisfactory when they were withdrawn from pasture. Another study Bernard et al. [50] observed that 

Spanish/Boer cross goats fed varying inclusion levels of FSF at 1.77 g, 3.54 g, and 5.31 g per kg had 

significant improvement in mean weight gain and fecal egg count as the inclusion levels increased. 

Similar observations were reported by Bennett et al., Mclean et al. [4,51]; both observed that FSF 

significantly increased body weight, feed conversion efficiency, and growth rate, and decreased 
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parasite load of the experimental animals. However, they both postulated that for an effective and 

optimal outcome, FSF should be fed for a longer time period. They hypothesized that the abrasive 

edges of the diatom particles injured the cuticles of nematodes when in contact, resulting in dryness 

and eventually the death of the parasite. In line with these findings, Ahmed et al. [52], considered the 

use of biological control of gastrointestinal parasites in Merino sheep, feeding fossil shell flour as 2% of 

their diet. They also reported that fossil shell flour had an efficacy of 61%, although efficacy varied 

with time. 

As an alternative to anthelmintic,  fossil shell flour (FSF) was evaluated by [53] for its ability    to 

inhibit the migration of Oesaphagostomum dentatum larvae using migration and inhibition assays  in 

vitro, in unsheathed and sheathed third stage larvae. They observed that FSF was more effective in 

unsheathed larvae at 0.3 mg/mL after 20 h with 61.6% inhibition. With sheathed larvae, FSF had a 

significant effect of 1 mg/mL exposed within 24 h with 67.6% inhibition. This shows that the presence 

of cuticle could reduce the effectiveness of FSF as anthelmintic. There is therefore a need by researchers 

to investigate parasite cuticle abrasion by using equipment such as scanning electron microscopy    to 

examine the cuticle integrity from treated versus untreated animals. In a separate experiment, 

Osweiler and Carson, Fernendez et al. [40,54] contrarily observed that FSF did not lower the parasite 

load in lambs. 

Fossil shell flour has also been reported to reduce ectoparasites. Dawson [55] reported a significant 

reduction in bird flea population sizes (Ceratophyllus ideas) and several blow fly species (Protocalliphora 

spp.) in the same year. Fossil shell flour seemed to be more efficient at reducing the flea populations, 

perhaps because fleas have body sizes that are smaller and so are more susceptible to dehydration  on 

account of FSF’s abrasive action. It was also confirmed, in more recent researches by Martins and 

Mullens [56] and Amy [57], that FSF is able to suppress the activities of Northern fowl mites (Acaris 

macronyssidae). Kilpinen and Steenberg [23] reported that FSF, is one the commonly used substitute 

control methods for poultry red mites (Dermanyssus gallinae) in Europe because it kills the target host 

mainly by desiccation. The authors also observed large differences in the types of FSF versus red mites’ 

mortality. Therefore, there is needs for other researchers to investigate difference FSF formulations 

head to head for parasite control 

5.2. Potential of Fossil Shell Flour as Detoxifier in Livestock Feed 

Animal feeds are often contaminated with many pathogenic microorganisms at different stages 

of the manufacturing process, despite concerted effort at averting these [10]. Chief among the 

microorganisms are Aspergillus and Fusarium genera that produce mycotoxins including Ochratoxin 

A, Aflatoxin B1, Deoxynivalenol, Fumonisin B1, and Zearalenone. Of the 300 to 400 known mycotoxins, 

deoxynivalenol (DON) and aflatoxin (AF) are known as the most common and most detrimental to 

animal industries [58]. According to Agag, Jones et al. [59,60] one-quarter of the world’s crops are 

infected with mycotoxins. The North Carolina Cooperative Extension Service also established that 

close to one-fifth of tested corn contained levels greater than 20 µg/kg AF, and close to two-thirds of 

corn contains DON Weaver et al, Agag [10,59]. These mycotoxins are usually seen in the feed chain 

due to infection of crops by fungi, or use of moulds forage and grains as animal feed condiments [60]. 

Richard [61] reported that mycotoxins are produced on growing plants due to fungal invasion 

during preharvest, postharvest and during crop transportation and storage, and these have been 

shown to adversely affect man and animals at low levels, and have a substantial effect on international 

economies and trade. When consumed, these mycotoxins cause a reduction in the growth of animals, 

as well as immune and reproductive dysfunction and can damage organs [61,62]. These toxins also 

cause a pathogenic shift in vital organs such as liver, kidneys, and lymphoid tissues [63]. They have 

been reported in hepatic lesions in chickens causing such effects as enlargement, paleness, hydropic 

degeneration and necrosis, periportal fibrosis, and bile duct hyperplasia [64]. In addition, the spread 

of aflatoxin and its metabolites from feed to products such as liver and eggs as well as animal edible 

tissues [65] have become a predominant prospective hazard for human health. 
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Feed decontamination from aflatoxin is a major requirement in livestock industry. Physical, 

chemical, and biological methods for decontamination are used. Other approaches such as protective 

actions, good storage practices (GSP) as well as good agricultural practices (GAP) at both preharvest 

and postharvest periods, have been adopted to control the harmful mycotoxins in animal feed. As good 

as these options are in mitigating mycotoxin contamination; the use of best practices might not 

completely avoid or get rid of mycotoxins in the feed chain [66]. An acceptable detoxification procedure 

must be cost-effective and capable of eradicating all traces of toxin with no detrimental residues,  and 

should not weaken the nutritional quality of the product [67]. One such procedure is the use of fossil 

shell flour, which has been reported to be effective against mycotoxins. The authors in their experiment 

using quail chicks observed that addition of FSF to an Aflatoxin (AF)-containing diet significantly 

reduced the deleterious effect of AF on food consumption, body weight gain, and feed conversion ratio. 

Food consumption was reduced by 14% in quail chicks consuming the AF diet without FSF, but by only 

6% for quail chicks consuming the AF plus FSF diet. Similarly, overall body weight gain was reduced 

by 27% in birds consuming the AF diet without FSF, but by only 8% for birds consuming the AF plus 

FSF diet. Parlat [68], reported that broiler chickens fed a diet containing diatomaceous earth (DE) at 

400 and 800 mg/kg, respectively, had significantly greater body weight and less feed conversion ratios 

and an increase in serum total protein and albumin values than those fed a diet containing T-2 toxin 

at 0.5 ppm and 1 ppm after 35 days of age. However, DE supplemented chickens were not significantly 

different in relative organ weights of kidney, liver, bursa of Fabricius, spleen and serum biochemical 

values of AST, ALT, cholesterol, triglycerides, and creatinine when compared to birds fed with only T-

2 toxin. The study showed that the inclusion of DE as an additive in the diet was partly helpful in 

lessening the harmful T-2 toxin effects in broiler chickens. Furthermore, Shivashaankar et al. [69], 

reported that supplementation of fossil shell flour at 400 and 800 mg kg−1 in an aflatoxin-mixed diet 

(with 0.5 and 1 ppm of AF kg−1, respectively) significantly reduced the deleterious effects of AF on the 

growth parameters of broiler chickens and the serum biochemical values by bringing about a boost in 

serum total proteins, albumin, triglycerides and cholesterol levels. The same author also recorded a 

significant increase in ALT, AST, BUN ALP, and creatinine levels in fossil shell flour supplemented 

broilers. [70], in another study with in vitro models to evaluate the properties of fossil shell flour and 

other natural absorbent agents on six mycotoxins, namely, ochratoxin A (OTA), aflatoxin B1 (AFL), 

zearalenone (ZON), diacetoxyscirpenol (DAS), deoxynivalenol (DON), and T-2 toxin using thin-layer 

chromatography (TLC), observed that fossil shell flour bound more than 95% of applicator AFL and 

66.67% of OTA (only diatomite adsorbed this toxin). Binding of DON has also been observed [62], but 

only at pH 3.0 of an electrolyte. Its adsorption index varies from 25.00 to 50.00%, while the ZON 

adsorption index ranges from 12.20 to 37%, and for T-2 toxin the adsorption index ranged from 16.67 

to 33.33%. These results appear to suggest that fossil shell flour is an effective absorption agent that can 

be used in the animal feed industry to decontaminate many mycotoxins in animal feed. 

Fossil shell flour can also be used in the production of some mycotoxin adsorbents, and for 

diarrhea remediation in ruminants and birds [71].  The use of adsorbents such as fossil shell flour   as 

a feed additive is the most effective, economical and healthy solution for the decontamination of 

mycotoxins livestock feed. It should be modified in accordance with current demand of farmers and 

should be widely monitored to ensure its safety and effectiveness [72]. 

5.3. Potential of Fossil Shell Flour as Animal Performance Enhancer 

Growth promoters and enhancers are materials that facilitate the growth of farm animals, 

particularly swine, poultry, and livestock, where the value of such animals to the farmer depends partly 

on body weight. The market for animal growth promoters and enhancers is large  and growing. The 

most widely used group of growth promoters in  animal  feed  is  antibiotics  [73]. Other growth 

promoters include probiotics, prebiotics, essential oils, botanicals, enzymes, organic acids, 

phytochemicals, vaccines, RNAS, antibodies, bacteriophages, antimicrobials, innate defense 
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molecules, immune enhancers, and combinations thereof [74]. There remains room for the development 

of new growth enhancers, particularly those that  can  be  made  in  a  cost-effective  way.  In  line with 

this, Abd El-Tawab et al. [75] conducted a study using spent filter media containing ~35% moisture, 

32% diatomaceous earth, 22% organic carbon, and 11% activated carbon, and reported that although 

their results were not definitive, spent filter media improved daily feed intake, weight gain, and 

efficiency. The animal feed compositions as described herein may be fed to different animals. It is 

believed that the use of spent filter media may advantageously increase the growth of the animals on a 

daily basis compared to identical amounts of conventional animal feed compositions, although this 

result is believed to be affected by other conditions, Abd El-Tawab et al.; Sarijit et al. [75,76], including 

the composition of the base feed. In addition, Abd El-Tawabet al. [75] also noted that these animal feed 

compositions did not adversely affect the lean mass percentage of the animals and did not appear to 

exhibit any harmful effects to the growth or the health of the animals. Likewise, Adebiyi et al. [25] 

reported that there was a substantial improvement in average weight gain, feed conversion efficiency 

and bone development of cockerel fed 6% fossil shell flour inclusion level as feed additives throughout 

the 16 weeks of the trials. Similarly, fossil shell flour significantly improved intake of feed (7.44%), 

body weight gain (9.51%), and improved ratio of feed conversion (2.08%), as well as the productive 

efficiency index (5.48%) in cockerel exposed to aflatoxin B1 [25,77]. Fossil shell flour also improved 

serum albumin (2.26%) and the action of serum LDH (44.4%) in a previous study [78]. 

Modirsane et al. [79] supplemented the feed of 252 piglets with silicon dioxide (a major component 

(79%) of FSF) and found improved feed intake by 4.13% and an improved mean daily gain by 3.26% 

during the general early period, compared to groups not given silicon dioxide. The outcome led to  an 

increment of 2.2% in the piglets’ weight at the expiration of the postweaning phase (24.52 kg vs. 

23.99 kg). They concluded that under their study circumstances, an addition of 0.02% crystalline silicon 

dioxide (fossil shell flour) to piglet feed increases daily feed intake, growth rate, and piglet weight   at 

the end of the weaning period. This mineral supplement could offer prospective financial gain to pig 

farmers. 

5.4. Potential of Fossil Shell Flour as Water Purifier for Livestock Usage 

The provision of poor quality drinking water for livestock in semi-arid and arid regions for several 

months of the year is very common [80,81]. These supplies originate from streams, canals, small wells, 

or water holes, which are also used for irrigation [82]. This water is often high in salt and toxic 

elements such as lead, copper, selenium, mercury,  and arsenic [32].  They are hazardous  to animal 

health and may cause physiological upset or render the animal products unsafe or unfit  for human 

consumption, as well as possibly cause the death of the animal [83]. The bulk of heavy metals are 

identified to be poisonous and cancer-causing agents. Problems emanating from toxicity are 

aggravated by irrigation of forage with the same potentially toxic water. The plants make use of the 

salts, thus increasing the level of risk in toxicity to the animal when both feed and water sources 

surpass hazardous levels. This may also occur with selenium. Sources of these toxins and salts are 

animal feces, birds, animal carcasses, intensive livestock industry runoff from bare paddocks, sewerage 

waste, veterinary antibiotics, herbicides, and pesticide residues [32]. Diatomite that has been modified 

with manganese-oxide is an active and good adsorbent for removing heavy metal ions such as, Pb2+, 

Cu2+, Cd2+ Ni2+, and Hg2+ [32]. The negative charges on the modified surface is an attribute that 

enhances adsorption performance. In addition, the enlargement of the surface area is believed to play 

a vital role in the overall removal process. Therefore, lower loading of diatomite has a superior 

performance over higher loading adsorbents [84]. Similarly, Al-Degs et al. [85] reported that heavy 

metal ions such as Pb, Ni, and Cu were removed from wastewater using manganese-oxide modified 

Iranian diatomite considered this to be an adsorbent and a filtration substance. Also, organic and 

inorganic substances can be removed from wastewater and surface water through the absorption of 

diatomite modified with Mn [86] and Bello et al. [32] reported that modified diatomite has a greater 

removal capacity for heavy metals from water than unmodified diatomite. Walker and; Weatherley [87] 
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established that the use of diatomaceous earth is a promising technique in the removal of heavy metals 

from wastewater and surroundings. Hence, FSF can be used to treat water/wastewater for animal use, 

thereby reducing risk for human consumption. Hence, FSF has significant potentials in mitigating 

water scarcity and turning waste into wealth. 

5.5. Potential of Fossil Shell Flour as Source of Minerals for Livestock 

Minerals are naturally-occurring substances generally required in microscopic amounts from less 

than 1 to 2500 mg per day, depending on the mineral [88]. Just like vitamins and other essential food 

nutrients, mineral requirements vary with animal species. Large mammals require large amounts of 

calcium for the building and preservation of bones and standard function of nerves and muscles [89]. 

Phosphorus is an important constituent of adenosine triphosphate (ATP) and nucleic acid, and is also 

vital for acid–base balance, and the formation of teeth and bones. Red blood cells cannot function 

properly without iron in hemoglobin:  the oxygen-carrying pigment of red blood cells.  Iron is also  an 

important component of the cytochromes that function in cellular respiration. Molybdenum, 

manganese, copper, zinc, magnesium, selenium, and iron are important cofactors found in the 

structure of certain enzymes and are crucial in many biochemical pathways. Mammals need iodine to 

make thyroid hormones. Sodium, potassium, and chlorine are imperative in the upholding of osmotic 

balance between cells and the interstitial fluid [90]. According to Soetan et al. [91] different 

microminerals, for example, Se, Mn, Zn, and Cu, are important for the optimal performance of the 

immune structure and for resilience against pathogens.  Cobalt deficiency decreases the resistance  of 

animals against helminth infections [92]. Molybdenum also plays an important role in immunity 

against endoparasite [93] and can decrease the worm burden in lambs [15,94]. Natural food grade FSF 

contains 15 macro and microminerals, which are important to animal diets. The inclusion of natural 

FSF to poultry diets has continuously revealed weight gains in production. This gain could be 

connected to a combination of factors such as the ability of natural food grade FSF to decrease parasite 

populations, which promotes a reduction in stress on the animal and improved food assimilation [25,95]. 

Natural food grade FSF contains a wide range of naturally present chelated minerals such as calcium, 

magnesium, iron, phosphate, sodium, titanium, and potassium.  Based on the final optimal levels, the 

mineral constituents that it provides may replace a small proportion of the entire mineral premix or 

complex. However, its ability to increase the incorporation of other minerals and microminerals, 

(particularly the effects of fossil shell flour on improved general mineralization such as bone), may also 

be the reason for improved performance [96–98]. In a study conducted at the University of California, 

the importance of fossil shell flour for growth performance and maturity in chickens was established. 

It was reported that the silicon inclusion group had thicker legs and bigger combs relative to their body 

size, significantly superior to other groups without silicon supplementation [25,96] also reported that 

growing cockerels fed 6% inclusion levels of FSF had the highest values for Ca, P, and Ash than the 

control and other treatments. However, tibiotarsi weight, length,  and robusticity  index were  not 

affected significantly. In livestock, production and health problems are often associated with calcium 

deficiency in many species of animal. Addition of natural food grade FSF to diets could, therefore, 

avert any calcium associated performance or health issues. Minerals present in natural food grade FSF 

can also help to meet the mineral constituents of lactating animals [88]. Table5shows the mineral 

constituent of food grade FSF, which includes major and trace elements needed by livestock for growth 

performance. 

Fossil shell flour is the most abundant form of organic amorphous silica in the world (79% to 94% 

of silicon) [99]; it exists in silicon dioxide form, it is bioavailable, and is essential for good bone growth 

and nutritionally important for preventing certain forms of chronic diseases associated with aging 

[99,100]. Humans, animals, and plants have an essential need for silicon in order to sustain life, and 

regrettably, in today’s world, our diets can easily become deficient in silicon. 
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Table 5. Mineral constituent of fossil shell flour (FSF). 

 

Element Quantity 

Calcium (Ca) 0.40 
Sodium (Na) 0.26 

Manganese (Mn) 0.0052 

Iron (Fe) 0.72 
Copper (Cu) 0.0019 

Vanadium (V) ppm 43.8 
Sulfate Sulfur (S) 0.062 

Phosphorus (as P205) 0.037 
Potassium (K) 0.16 

Chloride 0.074% or 740 ppm 
Zinc (Zn) 0.0022 

Titanium (Ti) ppm 420 

MgO (calculated from % Mg) 0.34 
Strontium (Sr) ppm 59.9 

Boron (B) 0.0023 

Magnesium (Mg) 0.21 
% CaO (calculated from % Ca) 0.55 

Aluminum (Al) % 0.65 

Sources: Adebiyi et al [25]. 

 

5.6. Potential of Fossil Shell Flour in Feed Storage 

Over one-third of the total grains produced globally are lost annually due to pests during storage 

[101].  In sub-Saharan Africa farmers suffer significant losses to their products as a result    of insect 

damage. These losses undermine their livelihood, food security, reduction in market returns, and also 

have an indirect effect on the feeding of animals [36]. This loss often increases the cost of production 

in livestock industries as a result of an increase in the cost of feeds. To prevent these losses, different 

traditional strategies have been adopted, including mixing grain with ashes or plant materials, and 

the use of synthetic chemicals (insecticides). Residual synthetic chemicals are the most frequently 

used protectants against stored-product pests in stored grain. They are often applied directly to the 

product and provide protection against stored-grain pests as long as the effect of  these insecticidal 

persists [102]. Nevertheless, current frequently used protectants possess numerous disadvantages 

because of their toxicity to mammals, and the fact that they leave deposits in the product; in addition, 

many species of insect are resilient to some current protectants [102]. These shortcomings have made 

researchers assess the use of different control methods such as insect growth regulators, botanicals, 

biological control, microbial control, and inert dust. Fossil shell flour (FSF) is the most promising 

alternative that can replace insecticides successfully. This it does by absorbing the epicuticle lipids and 

fatty acids, thereby resulting in the dehydration of arthropods. FSF comes into direct contact with the 

insect bodies and absorbs the waxy cuticle of the outer layer, after which the insect loses water and 

dies [103–105]. FSF needs no specialized kit for application on grains, but one can use similar 

techniques as that used for insecticides. Sabbour and Abd-El-Aziz [106] reported that FSF is tenacious 

in its mode of operation, poses little or no pest resistance problems, and leaves no residue, but its 

efficacy depends on the influences of temperature, provenance, humidity, and the individuality of 

particular pests and substratum. Sabbour et al. [105] reported that calcium hydroxide modified 

diatomite (Ca-DE) and those modified with sodium hydroxide (Na-DE) were the most effective 

antidote against insects. Ca-DE yielded better results and accomplished the highest mortality 

percentages recorded at 88% and 96% for treatments against R. dominica and B. incarnatus with 1.0%, 

respectively. The lowest mortality rate was recorded for Al-DE at a concentration of 0.5% and achieved 

21 and 15% mortality for the corresponding species, respectively.  In a similar study conducted by  the 

same researchers on the use of FSF in pest management in stored-grain, they reported that the rate 

of reproduction of tested insects was greatly reduced by both FSF and modified FSF, and egg 
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production was greatly reduced by modified-FSF under stored conditions. The average quantity of 

eggs laid per female and percentage of adult emergence (F1) of each tested insect were appreciably 

affected by both natural FSF and modified-FSF in comparison to the control. The same authors found 

that Nano-FSF strongly reduced the number of eggs laid for T. confusum but reduced to a lesser extent 

for T.  castaneum (3.8 ± 1.5, 17.8 ± 7.5, 26.6 ± 3.5 eggs/female and (13.8 ±  1.5, 37.8 ± 

7.5, 46.6 ± 3.5 eggs/female) after 20, 90, and 120 days of storage interval respectively. The constant 

effect of nanoparticles showed numerous unusual modes of action such as falling oviposition, mature 

emergence (F1), and influx percentages of hardened insects. Sabbour et al. [105] concluded that FSF-

nanoparticles and natural FSF can be a good instrument in pest management programs for T. confusum 

and T. castaneum. Badii et al. [38] in their studies on the prevention of C. maculates infestation in stored 

Kersting’s groundnut, reported that mortality of the adults increased gradually with the increased 

quantity of FSF and the contact period. Grains that were treated at 2.00 or 1.50 g kg−1 documented 

considerably fewer eggs and a lower rate of F1 emergence compared with dosages with lower quantity. 

Increased FSF concentration constantly decreased produce weight as a result of low beetle counts 

however, a significant difference on seed viability was not recorded. FSF was more efficient at 50% 

relative humidity than at 80% relative humidity. 

It appears that FSF can be used by communal farmers, animal feed mill operators and commercial 

farmers to preserve grains for their animals during the time of surplus to the time of scarcity. It is 

cheap, nontoxic, readily available and requires no equipment for administration. FSF likewise has 

broad uses as an anticaking agent in the storage of grain and in feed mixing. This enables for better 

flow ability, mixing and handling and prevention of particles from clumping together. According to 

Bannett et al. [4], food-grade fossil shell flour placed in livestock feed may help discourage the growth 

of fleas and other dangerous organisms. 

5.7. Potential of Fossil Shell Flour on Quality of Wool and Mohair 

In the face of demand for lighter weight fabrics by consumers and the rigorous challenge of 

competition from synthetic fabrics, producing quality wool that will translate to the yearning of the 

final consumer has been of utmost important to the sheep industry in the past 25 years. When looking 

for fine, uniform, and high-quality wool appropriate for the textile industry, Dohne-merino and other 

merino sheep come to mind [107]. Wool fiber diameter and fiber length are the key characteristics 

used to evaluate the processing route and final quality of the finished textile products [8]. Factors such 

as genotype, nutrition, age, and sex determine the quantity and quality of fleece from sheep. Cilek 

[108] reported that the fiber diameter and the proportion of kemp are greatly influenced by the genetic 

composition of the animal. Fiber diameter variability and proportion of medullated fiber are 

attributed to the sex of the animal. Shah and Khan [107] observed that females have a greater measure 

of fiber diameter variability and proportion of medullated fiber than males; and that age on all fleece 

traits was significant. The effect of sex was statistically noticeable for all fleece traits except for fiber 

tenacity and comfort factor. It can be generally concluded that younger sheep and rams have higher 

fleece yield and fleece quality than older sheep and ewes. Similarly, the age of the animal and the fiber 

diameter are directly proportional to each other, while age and fiber staple length are not affected by 

age in merino sheep. Fiber diameter is known to be affected by the quality and quantity of nutrients 

available to the animal, and is related to live weight [109–111]. 

Variation in staple length relates positively with live weight.  McGregor et al. [112] observed  that 

the highest correlation occurred between staple length and live weight that were measured 

simultaneously,  with a lower correlation when comparing the two parameters at different time.   Also 

fiber diameter variation mostly influences staple strength [82,110,111]. Staple strength and location of 

a break are greatly influenced by both the minimum fiber diameter and rate of variation along the 

fiber. However, nutrition, disease, stocking rate, genotype, and the physiological state of the animal 

all influence the staple strength. Likewise, climate, altitude, genotype, nutrition and soil, 
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relative humidity, pH within the fleece, the level of perspiration, production of sebum by sebaceous 

glands, and time of shearing are factors that determine the color of wool [113–115]. 

The effect of gastrointestinal parasites and lice on fleece yield and quality have also been studied. 

Frequent treatment of antihelmintics increases the fleece yield, fiber diameter, staple length, and 

strength as well as crimp fleece weight [116,117]. Bovicola ovis (lice) infestation has an adverse effect on 

wool characteristics, and this is amplified as the number of lice present and duration of infestation 

increases. With lice infestation greasy wool changes color and becomes less bright, staple length is 

reduced and staple strength is negatively affected. Van Burgel et al. [117] also reported that sheep with 

modest to severe infestation produce less sound wool (1.7 vs. 3.0 kg/head) and more cast wool (0.4 vs. 

0.1 kg/head) than sheep with very few lice. 

Since fossil shell flour improves body weight gain, reduces intestinal parasites, and in general 

might be expected to suppress ectoparasites, it follows that inclusion of fossil shell flour to the diets of 

sheep will increase fleece yield and improve the quality of wool greatly for good market prices as well 

as the international standard. 

5.8. Fossil Shell Flour Can Be a Replacement of Antibiotic in Animal Feed 

Fossil shell flour might be able to replace antibiotics as a growth promoter [4,75,79], as a 

gastrointestinal nematodes eradicator [52,53] and as an eliminator of dangerous bacteria in the body 

system of an animal [118,119]. 

Most of the chemical constituents of FSF have a strong negative charge.  Just like a magnet,   the 

negatively charged elements of FSF attract all positive bodies that are sufficiently tiny to pass through 

the porous openings of FSF. These strong charges are capable of attracting a great quantity of 

oppositely charged substances, whether element, bacteria, or viruses. They pass through the digestive 

tract to remove these dangerous substances from the body system. 

When diatomite is added to the feed of animals, Gram-positive bacteria, which are normally 

targeted in ruminant animals through the use of antimicrobial feed additives, may also bind to the 

negatively charged shells. This could promote FSF as an efficient replacement for antimicrobial and 

antibiotic products commonly used to carry out these roles. James et al. [118] in their study to evaluate 

the impact that diatomite (2% concentration) has on the adsorption of Escherichia coli (ATCC 25922), 

reported that the highest adsorption capability of 10.99 mg g−1 was realized within 26 h with a solution 

of 12 mg L−1  As (III) at pH 4.  Another study carried out previously [119] on the adsorption ability  of 

diatomite also demonstrated the superior capacity of diatomite to neutralize bacteria, comprising 

Gram-positive Staphylococcus aureus and Gram-negative E. coli. 

5.9. Other Potentials of Fossil Shell Flour in Feed Industry and Livestock Production 

Fossil Shell flour as adjuvants vaccine: Deactivated vaccines are normally used in poultry as part 

of a complete vaccination procedure. These vaccines are able to stir up antibodies of high titers, 

capable of protecting against general infections, and which are transmitted from parent stock to their 

offspring as maternal antibodies. In order to boost their immunogenicity, these vaccines have 

adjuvants. Common adjuvants often used in poultry vaccines are aluminum hydroxide ointment 

(Alum) and ASO4 (oil-based type) [120,121]. Substances that are added to a vaccine to accelerate or 

enhance the body’s immune response to the vaccine and to reduce the quantity of antigen needed for 

vaccines are referred to as adjuvants [122]. According to Waksman and Hunter [123,124] there are three 

different mechanisms to accomplished this. First, a prolonged immune response is induced by a slow 

release as a result of the deposit of antigens formed at the injection site. Second, particulate antigens 

are formed, which antigen-presenting cells can detect.  Finally,  local inflammation may be caused  by 

adjuvants that initiate system-recognition receptors, activating antigen production. However, 

undesirable effects of adjuvants are an inflammation at the injection site. This effect is noticeable in 

farm animals such as poultry, resulting in reduction of meat quality and escalating condemnation of 

carcasses [125,126]. The price of vaccines is also considerably increased by adjuvants [127]. Discovering 
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new, safe, steady, and cheap adjuvants is therefore vital to improving existing vaccines. Fossil shell 

flour has successfully met this need.   Singh and O’Hagan [125] in their experiment using fossil    shell 

flour as an adjuvants vaccine for Newcastle Disease Virus (NDV) for poultry, suggested that fossil shell 

flour could function as a prospective immunological agent for vaccines against poultry diseases. They 

established that using fossil shell flour as a vaccine adjuvant, causes no harmful effects to hatchability, 

quality of chicks, body weight, and meat quality. Although an apparent immune response was not 

observed when the vaccines were applied in ovo, subcutaneous boosters with NDV adjuvanted with 

diatoms generated NDV specific antibodies, starting at 7 d post the second booster in chickens. The 

effectiveness of diatoms as an adjuvant for INDV vaccines was similar to the action shown by 

aluminum hydroxide gel. The researchers proposed that fossil shell flour can be used as poultry 

adjuvant deactivated vaccines. A similar study Nazmi et al. [128] also looked at the efficacy of diatoms 

as adjuvants for the Ark-DPI live infectious bronchitis virus (IBV) vaccine after ocular or spray 

application. They observed that the addition of diatoms had no detrimental effect on the vaccine virus, 

hatchability, chick quality, live weight, and meat quality. However, the addition of diatoms to the 

vaccine did not stimulate higher IgG titers in the serum or IgA titers in tears. It also did not influence 

the occurrence of monocytes/macrophages in the blood and the spleen determined by flow cytometry. 

In addition, protection generated against IBV homologous challenges, measured by viral load in tears, 

respiratory signs and histopathology in tracheas, did not vary when diatoms were present in the 

vaccine formulation. Fossil shell flour can be postulated to be of potential as an adjuvants vaccine in 

Newcastle Disease Virus (NDV), although its efficacy on the Ark-DPI live infectious bronchitis virus 

(IBV) needs further research. 

Prevention of Scours: Grazing animals frequently eat dark dirt, which contains a crystal-like type 

of silicon dioxide. The farmyard variety of dirt, contaminated with diseased organisms, bacteria and 

parasites, can lead to the death of calves and young animals. Providing stock with fresh water type of 

fossil shell flour that contains at least 80% pure silicon dioxide can prevent calf scours [129]. The 

purpose of providing fossil shell flour of free choice to the young animal is to prevent them from eating 

black dirt in the farmyard or elsewhere. Therefore, fossil shell flour serves as a better substitute to black 

dirt. 

Feed additive: The nutrients and calories that are available in the diet are just as important as 

what the animal is fed. The digestion, health, cost-effectiveness of the diet and its related processes are 

also important. This is realized by maintaining a balanced intestinal process in the digestive system, 

and ensuring that bulk density of the feed and uniformity are within expected norms. Moreover, it is 

imperative to keep moisture out to avert the feed from rotting, clumping or caking. 

To that effect, diatomaceous earth is a perfect animal feed additive for all livestock, with many 

benefits from preserving feed quality to improving livestock health and performance through better 

digestibility, acceptability and overall bioavailability. Diatomaceous earth will also provide cost-benefit 

advantages by improving mixing properties, as well as increasing the bulk density of some ingredients. 

The basic function of diatomaceous earth is to act as a natural preservative for the feed, absorbing 

moisture that may cause fungus,  mold,  or rot.  In addition,  due to its moisture reduction capacity,  it 

reduces clumping and prevents caking of the feed. This helps to preserve feed without the need of 

chemicals, making it more acceptable to the animals during feeding and increasing processing and 

delivery efficiency. 

Diatomaceous earth also helps to increase stock health, feed conversion, and ultimately, its 

performance. It is known to reduce internal and external parasites, bacterial infections, to control 

worms; its residual mineral content may also give animals a shinier coat. 

However, for diatomaceous earth to work properly and efficiently as an animal feed additive,    it 

has to be noncalcined and completely natural diatomaceous earth from fresh water. It should be 

organic (OMRI listed) and respect CFIA standards. Using fossil shell flour as an animal feed additive 

will increase return on investment by keeping the animal healthier, improving their feed conversion 

rates and ensuring the feed works harder and longer by preserving it naturally. 
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Source of natural Silica: Approximately 85% of food-grade fossil shell flour consists of silica. This 

significant mineral is needed by vital organs of the body for maintenance and development [97,100]. 

Before modern farming depleted the soil, food ingredients were the main source of natural silica. 

Nazmi et al. [130] and Martin [100] reported that plant-based food (natural) contains only one-third 

of the silica needed by mammals. With an increase in host resistance to many antihelmintics and 

antimicrobial drugs, coupled with health safety issues raised by the consumers of the products of 

animals that use the drugs, the use of fossil shell flour in livestock production is a promising substitute 

to these drugs [131]. 

In the testimony and report of [39] who experimented with FSF on his Merino sheep farm, 

allowing merino ewes to receive 300 g of FSF 2 weeks before lambing resulted in a good performance, 

and healthy, award-winning young. 

Nonbeneficial effects of DE: Available information on the non-beneficial effects of DE showed 

that people who work with crystalline form of diatomaceous earth in large amounts such as miners, 

quarrymen, smelters, sandblasters, masons, and ceramic and glass manufacturers are likely to have 

lung problems [132,133]. Due to their very small density, Silica nanoparticles can be readily evaporated 

into air, and can be inhaled. Following inhalation, nanoparticles have been reported to rapidly cross the 

alveolar capillary barrier and penetrate into to the systemic circulation, reaching various organs [134]. 

Also, Cyrs et al [132] reported that after injection or skin application, nanoparticles can be distributed 

into the blood, causing a significant and dose-dependent platelet aggregation. Similarly, Nemmar et 

al. [134] observed that when rubbed on the skin, diatomaceous earth might cause wounds or loss of 

parts of the skin. 

6. Conclusions 

As a result of a global increase in organic farming, arising from the demand for organic livestock 

edible products by consumers and food safety campaign programs, diatomaceous earth has gained 

attention from scientists and commercial farmers. Its use has not yet been adopted in most countries, 

particularly in sub-Saharan Africa. There are relatively few studies investigating the potential of 

diatomaceous earth in livestock, especially in small stock. Besides an absence of authenticated statistical 

information from researchers, there is likewise a gap in knowledge concerning the application of these 

substances in an inorganic control program.  There is a need for adequate scientific information   and 

infrastructure to produce and continuously supply a naturally-occurring substance such as 

diatomaceous earth, for improving livestock production locally and internationally. There is also a 

need for awareness programs regarding diatomaceous earth use in the livestock industry for both 

farmers and consumers. Additional investigation is needed to motivate for the broader potential of 

diatomaceous earth as an agent of improvement in livestock production. In this context, it is assumed 

the diatomaceous earth will achieve a greater role in livestock production and food safety in the   near 

future. 
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Simple Summary: With the recent negative public opinion on chemical-based feed additive  in many 

nations of the world (for the health implication and environmentally hazard it posed), naturally 

occurring feed additive are urgently needed to replace and support the sustainable development in 

livestock production. The potential of Fossil shell flour as performance enhancer was investigated in 

this study. The major finding was that fossil shell flour increased growth performance, apparent 

nutrient digestibility, N retention and make minimum use of water in Dohne-Merino wethers. Hence 

it could be an alternative to chemical-based feed additive in livestock production. 

Abstract: This study was carried out to determine the effect of varying levels of Fossil shell flour (FSF) 

supplementation on growth performance, water intake, digestibility and N retention in Dohne Merino 

sheep pursuant to establishing the optimum inclusion rate of this supplement in Dohne Merino diets. 

Sixteen Dohne-Merino wethers (18 ± 1.5 kg body weight) were used in a complete randomized design 

with four animals per treatment. Sheep were fed a basal diet without FSF addition (control, T1), or 

with the addition of FSF (2%, T2), (4%, T3) or (6%, T4) of the diet for 105 days. Treatment 3 (4% FSF) 

has the highest values of dry matter intake, total weight gain, N retention and for most of the apparent 

digestibility nutrients (CP, EE and Ash) compared to treatment T1, T2 and T4 (p < 0.05). The urinary 

and fecal N excretion also significantly decreased in the FSF treated diets compared to the control (p 

< 0.05). Water intake values were highest in control and were significantly (p < 0.05) different from 

those in treatments 2 and 4, but not to treatment 3. It is concluded that 4% inclusion rate of FSF will 

give the best improvement on growth performance, diet digestibility and N retention of Dohne-

Merino sheep. Also, the addition of FSF in the diets of sheep is a safe natural additive that can help 

to reduce environmental pollution by reducing fecal and urinary N excretion. 

 
Keywords: Fossil shell flour; growth performance; digestibility; nitrogen utilization; Dohne-Merino 

 

 

1. Introduction 

The use of growth promoters in farm animal diets is growing at  an  increasing  rate  [1].  Growth 

promoters are used to improve feed efficiency and the growth performance of farm animals. Rumen 

regulation through the use of growth promoters is one of the most important methods for 
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improving feed efficiency and, thus, growth performance. Likewise, feed additives in ruminant’s 

nutrition has the potential to increase dry matter intake (DMI), feed conversion efficiency (FCE) and 

animal productivity [1,2]. There is a wide range of feed additives that include antibiotics, probiotics, 

antioxidants, enzymes, prebiotics, organic acids, mycotoxin binders, hormones, beta agonist, 

defaunation agents, essential oil and herbal feed additives, most of which are chemical based [2]. 

Although the use of growth promoters as feed additives has been a hallmark of modern animal 

husbandry, in recent years there have been increased concerns on chemical residues in meat and other 

animal products as a result of these chemical based feed additives [3,4]. There is also increase in 

ecological risk because of the accumulation of veterinary antibiotics residue in animal manure [5], 

bodies of water,  sediments and soils [6,7].  Arikan [8] reported that antibiotics administered to farm 

animals either as growth promoter or medication were usually excreted without metabolism. Similarly, 

[9] observed that between 70 to 90% of tetracycline may be excreted as parent compounds through 

urine or feaces. 

Because of the possible risks of chemical-based growth promoters, there have been increased 

interest in natural growth promoters (NGPs). Several plants and plant extracts, enzymes, organic acids 

and oils have received considerable attention recently as possible NGPs that are eco-friendly [10]. 

One of the major drawbacks to the use of these NGPs is the time and cost involved in harvesting them. 

One NGP that could be useful as a cost effective, readily available, health and eco-friendly feed 

additive is Fossil shell flour. Fossil shell flour is a naturally occurring silicate rich substance with 

important physical and chemical characteristics that enable its uses recently as feed additive in 

livestock production. The substance is nontoxic, cheap, and readily available in large quantity in many 

countries [11]. The mineral constituent of dietary fossil shell flour as reported by [12–14] are as follows: 

Sodium, 923 mg/kg; Copper, 30 mg/kg; Zinc, 118 mg/kg; Iron, 7944 mg/kg; Magnesium, 69 mg/kg; 

Calcium, 0.22%; Magnesium, 0.11%; Potassium, 0.08%; Aluminum, 0.065%; Sulfate sulphate, 0.062%, 

Boron, 23 mg/kg, and Vanadium, 438 mg/kg. 

In the study conducted by Emeruwa et al. [15] using West Africa dwarf sheep, it was observed 

that inclusion of Fossil shell flour in the diet statistically affected the average daily weight gain with the 

highest value (0.20 kg/day) observed for the sheep fed the 4% inclusion level of Fossil shell flour and the 

lowest value of (0.11 kg/day) for those on 6% inclusion of fossil shell flour. Likewise, Sarijit et al., [16] 

reported that addition of diatomaceous earth (another name for FSF) to animal feeds (3.2% inclusion) 

improve daily feed intake, weight gain and feed efficiency. 

On the effects of FSF on digestibility, [15] Emeruwa, (2016) observed that crude protein (%) 

digestibility was significantly higher (82.79) for sheep on 4% inclusion level of fossil shell flour than 

other levels. This author also reported that although N intake and the fecal and urinary N excretion 

were not significantly different among the treatment groups, N retention (% N intake) was significantly 

higher (72.4%) for sheep on 2% inclusion level of Fossil shell flour than for the other groups. 

There is paucity of information on feedlot performance of Dohne-Merino supplemented with 

varying levels of FSF, and no reports are available on the effect of FSF on the water intake of Dohne-

Merino. Considering that the use of this feed additive is cost effective, health and eco-friendly, the 

objective of this study was to assess the effects of 4 levels of FSF inclusion on growth performance, 

water intake, digestibility and N retention of Dohne-Merino sheep. We hypothesized that the inclusion 

of FSF at varying levels could increase the growth performance, digestibility and N retention of 

Dohne-Merino sheep. 

2. Materials and Methods 

 

2.1. Ethical Approval 

The handling and the use of the animals was approved by University of Fort Hare, Animal ethics 

and Use Committee [Approval number (MPE041IKU01)]. 
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2.2. Study Site Description 

The experiment was conducted at the small ruminant unit of the University of Fort Hare teaching 

and research farm (animal section), Alice, Eastern Cape, South Africa. The research farm is located at 

about Km 5 along Alice-Kings Williams town, which lies at longitude 26◦50j E and latitude of 32◦46j 

S. The annual rainfall is between 480–490 mm and temperature range between 24.6 ◦C and 11.1 ◦C 

(average is 17.8 ◦C) at the altitude of 535 m above sea level. 

2.3. Animal, Experimental Design and Management 

Sixteen Dohne-Merino wethers (6 months old) weighing 20 ± 1.5 kg on average were selected 

from a commercial farm in Mitford village Tarkastad, Eastern Cape of South Africa, and were used for 

this study in a completely randomized design. All the 16 wethers were raised at the same facility in the 

same area under the same environmental conditions (University of Fort Hare, Teaching and Research 

Farm, Animal Section,  Alice 5700,  RSA). The wethers were randomly allotted into four treatment  (n 

= 4). They were individually housed (1.5 m × 1.5 m) in a well-ventilated roofed animal building with 

concrete floor. The pens have similar temperature, relative humidity and sunlight conditions. The 

experiment lasted for 105 days, excluding 14 days of adaptation period. The animals have access to 

sufficient clean and fresh water over the trial. 

2.4. Experimental Diets 

The diets for the animals consisted of concentrate and hay at 40:60 ratio. The concentrate was made 

up of maize (8%), sunflower oil cake (10%), molasses (5%), wheat offal (15%), limestone (1.5%), salt 0.3% 

and sheep mineral-vitamin premix (0.2%), whereas the hay consisted of 30% teff and 30% Lucerne. 

All ingredients were thoroughly milled and mixed evenly together to form the basal diet. The feed was 

formulated to meet the nutritional (energy and protein) requirements of the used sheep [17]. The four 

dietary groups were: T1: Basal diet (Control); T2: Basal diet +2% FSF; T3: Basal diet +4% FSF, and 

T4: Basal diet +6% FSF. The animals were fed at 8:00 h and 15:00 h at 4% of the body weight (on dry 

matter (DM) basis). The Fossil shell flour (Food - Grade) was purchased from Eco-Earth (Pty) Ltd., 

Port Elizabeth, SA which produces this product under a license by Department of Agriculture, Forestry 

and Fisheries of South Africa. 
 

2.5. Analytical Procedures 

Dry matter content of the diets, orts and fecal samples was measured by drying samples in an air-

forced oven at 135 ◦C for 24 h (method 930.15; [18]) Ash content was measured by placing samples into 

a muffle furnace at 550 ◦C for 5 h (method 938.08; [18].  Organic matter (OM) was measured  as the 

difference between DM and the ash content. Nitrogen (N) was measured by the Kjeldahl method using 

Se as a catalyst and crude protein (CP) was calculated as 6.25 × N. Gross energy (GE) was measured 

using a bomb calorimeter (C200, IKA Works Inc., Staufen, Germany). Ether extracts (EE) were 

measured by weight loss of the DM on extraction with diethyl ether in Soxhlet extraction apparatus 

for 8 h (method 920.85) [18]. Crude fibre was determined by allowing the sample to boil with 1.25% 

dilute H2SO4, washed with water, further boiled with 1.25% dilute sodium hydroxide and the 

remaining residue after digestion was taken as crude fibre (method 978.10) as described by Thiex [19]. 
 

2.6. Feed Intakes and Growth Performance 

During the 105 days of feeding trial, data on feed offered to each animal and the corresponding orts 

were recorded daily to estimate voluntary intake of DM and nutrients. Samples of feeds offered and 

orts were oven dried at 65 ◦C until a constant weight to determine DM concentration, and then ground 

to pass through 1-mm sieve (Wiley mill; Thomas Scientific, Philadelphia, PA, USA) and analyzed for 

organic matter (OM), CP, EE and CF by the procedures described above. The body weight (BW) of 

animals was individually recorded at the beginning of the trial, on weekly basis throughout the trial, 
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and at the end of the experiment before the morning feeding. Feed intake, average daily gain (ADG) 

and feed efficiency were calculated from the data obtained. 

2.7. Apparent Nutrients Digestibility and N Retention 

Apparent digestibility coefficients of DM, OM, CP, EE and CF were determined by the total fecal 

collection method [20]. On day 91, 3 animals per treatment were placed into individual metabolism 

crates (0.5 m × 1.2 m), allowing feces and urine to be collected. The digestibility trial lasted for 14 days 

with 7 days for adaptation to metabolism crates and 7 days for the sample collection. 

The amount of feed offered, refused, and feces were weighed daily and homogenized. A 10% 

sample of total feces was collected during a 7-day collection period as described by Ma et al. [21]. 

Urine was collected daily in buckets containing 100 mL of 10% (v/v) H2SO4. The volume was measured 

and a sample (10% of total volume) was collected and stored at −20 ◦C until analysis. Samples of 

feed, orts, feces, and urine were pooled to form a composite sample for each wether. Urinary N was 

analyzed by the Kjeldahl method [18], and N retention was calculated as daily N excretion (urinary N 

plus fecal N) subtracted from daily N intake. 

2.8. Statistical Analysis 

The data on apparent digestibility and N retention were analyzed using the PROC MIXED of SAS 

(version 9.1; SAS Inst. Inc., Cary, NC, USA). Because the experimental design was completely 

randomized, the model included only the fixed effect of the diet (treatment). Repeated measures were 

used to analyze data on feed and water intake and growth parameters. The effects of diet (treatment), 

weeks, and their interactions were considered fixed, whereas the wether was considered random. Data 

are presented as mean ± standard error of the mean, and significant differences were accepted if p < 

0.05, Orthogonal polynomial contrasts were used to test the linear and quadratic effects of the diet on 

the parameters measured. 
 

3. Results and Discussion 

 

3.1. Chemical Composition of the Experimental Diets 

The chemical composition of the basal experimental diets is shown in Table1. 

 
Table 1. Ingredients and chemical composition of the basal diet fed to Dohne-Merino sheep. 

 

Items Percentage (%) 

Maize 8 

Sunflower oil cake 10 

Molasses 5 

Wheat bran 15 

Limestone 1.6 

Sheep mineral-vitamin premix 0.20 

Salt 0.30 

Grinded Lucerne hay 30 

Grinded teff hay 30 

Chemical composition  

Dry Matter (% as fed) 95.5 

Organic Matter (%DM) 85.2 

Energy (MJ/kg DM) 24.7 

Crude Protein (% DM) 14.6 

Ash (%DM) 10.3 

Ether Extract 1.70 

Crude Fibre 22.60 
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3.2. Feed and Water Intake 

As shown in Table2, the inclusion of FSF in the diet of Dohne-Merino wethers had a significant 

effect (p < 0.05) on feed intake. Animals in Treatments 3 and 4 consumed more feed than animals in 

the control group (linear p = 0.04; quadratic p = 0.02) while animals in treatment 2, consumed the 

least feed. This shows that the addition of FSF to the diets of Dohne-Merino wethers at 4% inclusion 

rate will increase the daily feed intake. This is similar to the results obtained by Emeruwa et al. [15], 

who recorded the lowest feed intake in the group fed 2% of FSF (900 ± 9.0 g/d) and the highest value 

for the 6% inclusion group (1009 ± 9.0 g/d). Also, Mclean et al. [22] reported significant variations in 

the feed intake of calves fed varying levels of FSF. Sheep requires about 25 to 40 ounces per head per 

day of NaCl, and will eat less feed when deprived of NaCl [23,24]. Similarly, it has been observed  that 

minerals such as Na, Ca, K and Mg increase the palatability of the diet and the feed intake of the animal 

[25,26]. This could be the reason why animals fed FSF-supplemented diets had greater feed intakes 

compared with the controls, because FSF had been reported to be rich in minerals, including Na (923 

ppm), Ca (0.22%), Mg (0.11%) and K (0.11%) [12–14]. Feed efficiency was highest in T3 while the 

control treatment has the lowest value (p < 0.05). However, the control was not statistically different 

from T2 and T4. The greater feed intake in T3 group was especially notable from week 7 until the end 

of the trial (Figure1). The absence of quadratic e ffect observed for various inclusion levels of FSF on 

nutrients intake shows that adding increasing levels of FSF up to 6% inclusion levels of the diets DM 

had no adverse effects on their consumption by the animals. 

 
Table 2. Effects of varying levels of FSF on growth performance  and  water  intake  on Dohne-Merino 

wethers. 

Parameter Level of FSF in Diet (% of DM) SEM P-Values 
 

 0 2 4 6 Linear Quadratic 

Feed Intake(g) 593 572 694 648 39.9 0.045 0.024 

Feed Efficiency (g/g) 0.14 0.18 0.19 0.17 0.01 0.011 0.023 

ADG (g/d) 84.7 92.9 121.4 105.4 9.53 0.000 0.011 

Water Intake (L) 1.95 1.67 1.8 1.45 0.10 0.000 0.113 

Initial Weight (Kg) 19.2 19.4 19.5 19.4 0.43 0.667 0.221 

Final Weight (Kg) 28.0 28.6 31.3 29.7 0.48 0.043 0.322 

Total Weight Gain (Kg) 8.32 9.20 12.0 10.3 0.38 0.042 0.232 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Graphical representation of feed intake of Dohne-Merino wethers fed varying levels of Fossil 

shell flour (FSF) shown as means ± standard errors. T1: 0% FSF diet; T 2: 2% FSF diet; T3: 4% FSF diet; 

T4: 6% FSF diet. 
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The water intake decreased linearly (p < 0.001) as the inclusion levels of FSF increased in the 

diets, except for 4% inclusion level (Table2). The control group has the greatest water intake, while T4 

has the lowest value. Although the control group consumed slightly more water than T3 group, 

differences were not significant (p > 0.05). Increased water intakes usuallly encourage sheep to eat 

more feed [27,28]. 

3.3. Growth Performance 

The effects of varying inclusion levels of FSF on growth performance are shown in Table2. 

Average daily weight gain was increased (linear p = 0.00; quadratic p = 0.01) and final weight was 

greater (linear p = 0.04) with increasing inclusion levels of FSF. The ADG was lowest for control group 

and greatest for T3. The lowest ADG and final BW in the control group (T1) is in agreement with the 

lower DMI recorded in the trial for this group. 
 

3.4. Nitrogen Utilization and Nutrients Apparent Digestibility. 

Table3 shows the nitrogen utilization and diet apparent digestibility in Dohne-Merino rams fed 

varying levels of FSF. Nitrogen intake, urinary N and N balance were not affected by the levels of FSF 

inclusion. However, fecal N was decreased (linear p = 0.03; quadratic, p = 0.03) as inclusion levels of 

FSF increased. This indicates that FSF could be used to reduce environmental pollution through 

reduction in fecal N excretion. This result was similar to the report obtained by Rajabi et al. [29] using 

pomegranate peel extract in fattening lambs as feed supplement. Vallejo et al. [30] reported that 

addition of natural feed additive such as xylanase (at 3 µL/g) to the diets of sheep could reduce 

excretion of N through fecal and urine. 

 
Table 3. Nitrogen utilization (g/d) and apparent digestibility (%) of Dohne Merino fed varying levels of 

Fossil shell flour. 

Parameter Level of FSF in Diet,% of DM SEM P-Values 

 0 2 4 6  Linear Quadratic 

N Retention(g/d)        

N Intake 9.83 11.07 13.96 10.24 0.44 0.433 0.954 

Fecal N 1.94 1.31 1.23 1.48 0.47 0.033 0.033 

Urinary N 0.79 0.32 0.41 0.58 0.07 0.856 0.842 

N Balance 7.15 9.41 12.35 8.18 0.46 0.454 0.965 

Apparent Digestibility (%) 

Dry Matter 64.50 63.83 72.92 62.83 2.74 0.375 0.311 

Organic Matter 65.58 66.24 73.15 63.13 2.81 0.353 0.367 

Crude Protein 70.62 81.83 85.24 77.16 1.65 0.192 0.011 

Ether Extract 85.54 89.69 93.01 90.19 1.41 0.247 0.222 

Crude Fibre 51.10 51.17 64.79 52.73 3.88 0.712 0.312 

 

The linear positive effect of the treatment on daily retained N in the present study was similar to 

that reported by Soroor et al. [31] when fattening Mehraban lambs were fed Echium amoenum extract 

up to 1.5 mL/kg of diet DM. Conversely,  this result was not in agreement with the result observed    by 

Emeruwa et al. [15] using FSF as supplement in West African dwarf sheep, as they observed that N 

retention was greater in control compared to the treatments. However, both in this study and in the 

study reported by Adebiyi et al. [12], FSF has no significant effect on N balance and N retention. The 

differences among studies could be due to different experimental conditions. This study was 

conducted in a semi-arid region while Emeruwa et al. conducted their trial in a tropical region.  Other 

factors, as dietary and breed differences could have also influenced the results. 

Increasing the inclusion levels of FSF had no effects on DM, OM, EE, and CF digestibility (Table3), 

but it has a quadratic effect on apparent CP digestibility (p = 0.01). The diet supplemented with 4% 

FSF (T3) showed the greatest value for all nutrient’s digestibility and was significantly different (p < 
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0.05) from the control (T1) for all nutrients. However, there were no differences (p > 0.05) among T2, 

T3 and T4 treatments for CP and EE digestibility (Table3). These results indicate that FSF enhanced 

the absorption of amino acids by the animal and thereby making them available at tissue levels [32]. 

These results are contrary to those obtained by Emeruwa et al. [15], who found that West African Dwarf 

sheep fed diets containing FSF at the same levels of inclusion than in the present study had numerically 

greater CP and EE digestibility values for control compared to other treatments, although differences 

did not reach the statistical significance. This difference in the results could be due to differences in 

breeds and diets composition. The lack of influence of FSF on DM, OM, EE and CF, may be attributed 

to similar digestibility of the experimental diets, particularly crude fibre digestibility [33]. Additionally, 

the relative similarity in the physical characteristics of the experimental diets may be the reason(s) for 

lack of no intake differences among the experimental sheep, because physical and nutrients composition 

of diets affect the feed intake [34]. 
 

4. Conclusions 

The results from this study showed that adding 4% FSF to the diets of Dohne-Merino wethers gives 

a better improvement than other levels of FSF inclusion on DMI, feed efficiency, ADG, total weight 

gain, N retention and apparent nutrient digestibility of most of the nutrients. In addition, the wethers 

on this treatment consumed the lowest volume of water. These results suggested that inclusion of FSF 

at 4% in the diet could be potentially used as a performance enhancer. 
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