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ABSTRACT 

Rhodes grass (Choris gayana) hay, in particular, is widely used by most dairy goat farmers in 

Kenya, even though it is known to be deficient in protein. However, little is known about the 

growth performance of dairy goats when fed basal Rhodes grass hay supplemented with 

Chicory (Cichorium intybus) and yeast (Saccharomyces cerevisiae). Therefore, the objective 

of the present study was to evaluate the performance of growing dairy goats fed on Rhodes 

grass hay supplemented with Chicory and yeast. The specific objectives were to determine the 

chemical composition of the experimental diets, voluntary feed intake, weight gain, and 

synergistic effects of supplemental diets. Eight experimental diets were allocated in a 

completely randomized design (CRD) with a (4x2) factorial arrangement and replicated three 

times. The basal diet was Rhodes grass hay and chicory supplementation at four levels (0, 10, 

20, and 30%) as the main effects and with (+) or without yeast (-) yeast addition as interaction 

levels. The proximate analysis was done to determine the chemical composition of the 

ingredients. The in-vitro gas production method was done, and organic matter digestibility 

(IVOMD) was calculated. For voluntary feed intake and weight gain, the feeds were formulated 

into eight diets and offered to 24 weaned female dairy goats (14±0.5 Kg) using a CRD in a 

(4x2) factorial design. The diets were Rhodes grass hay and chicory supplementation at (T1:0, 

T2:10, T3:20, and T4:30%) as the main effects and yeast, with (+) or without yeast (-) as 

interaction levels. Data was collected for eight weeks following a 14-day- adaptation period. 

Feed offered and refused was measured daily and recorded while body weights were taken at 

the end of every week. To determine the synergistic effect of yeast and chicory-inulin and 

estimate GHGs on the animal gut, the rumen fluid was tested for pH, NH3-N, and VFAs at the 

end of the feeding experiment. Data were analyzed by a general linear model of the analysis of 

variance (ANOVA) using the statistical analysis system SAS, 2002 version 9.4. Results 

indicated that 30% of supplementation improved significantly (p<0.05) CP (196.0 gKg-1 DM) 

and Ash (109.2 gKg-1 DM) in the diets. It also significantly lowered the NDF, CF, and ADF. 

Results showed that 30% of supplementation positively and significantly influenced (p<0.05) 

voluntary feed intake (591.70 g/day) and ADG (.154.64.8 g/day). The findings suggest a 

synergistic impact of chicory and yeast on feed intake and nutrient digestibility, contributing 

to improved growth performance in growing goats. The study recommends the incorporation 

of chicory at a 30% inclusion level and yeast supplements at 10 g/day/goat in growing goat 

diets for optimal feed utilization and robust growth. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the study 

Nearly 60% of Kenyan population reside in rural areas, making agriculture the primary 

economic and social support system. About 40% of Kenya's population is estimated to be poor, 

with the most significant proportion residing in rural areas, especially in arid and semi-arid 

areas (Musyoki, 2017). The agricultural sector's development strategy aims to guarantee that 

all Kenyans access adequate food and nutrition while increasing the economy's productivity 

and providing more jobs, especially in the countryside. Although much has been achieved to 

this end, the issues of food security, poverty reduction, and transitioning agriculture from 

subsistence to farming as a commercially viable business undertaking are still a mirage (Mulwa 

& Kabubo-Mariara, 2022). The impact of climate change has further exacerbated this 

condition, and its adverse effects are being felt everywhere by most farmers, especially those 

who rely on rain-fed agriculture (Musyoki, 2017). Some of the significant challenges 

constraining the agricultural sector include pests and diseases that affect both crops and 

livestock, the high cost of essential farm inputs, and the increasing sub-division of agricultural 

land to smaller parcels that are largely unprofitable. Therefore, sustainable farming must utilize 

available and viable resources such as affordable protein sources like Lucerne, calliandra, and 

Chicory. 

Globally, the significant limit on output, especially for smallholders, is a direct result 

of the increasing demand placed on limited arable land by a growing human population. Land 

in Kenya and the rest of Eastern Africa are under increasing pressure to increase food 

production to feed the ever-growing population. Due to extensive subdivision of land, land 

parcels per household have generally significantly decreased in recent years, with many 

smallholder farmers surviving at subsistence production levels with no surplus for the market. 

Furthermore, most of the production by smallholder farmers, most of whom practice a mixed 

crop-livestock farming system, could be more profitable. Most smallholder farmers have 

resorted to intensification in livestock to maximize the available arable land, with most opting 

for small ruminants, especially dairy goats. 

Since dairy goat production requires fewer resources, they have become very popular 

with most smallholder farmers (Rahimi et al., 2022). Furthermore, many smallholder and part-

time farmers can benefit from engaging in dairy goat production as a viable agricultural 

business and earn some income for their livelihood. Dairy goat farmers have found success in 

a variety of commercial niches, including goat milk pasteurization and a successful on-farm 
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operation, as well as the production and retail sale of processed dairy products such as artisanal 

cheeses, yogurt, soap, and lotion (Rahimi et al., 2022). There is also the possibility of selling 

milk to processors, who are typically located in the same region. 

In many parts of developing countries, goat milk is a cherished food item that ensures 

food and nutritional security to many members of the family, especially infants and the sick. 

Many people also highly seek goat milk because of its reputation for therapeutic qualities and 

distinctive flavor. Goat milk has been credited with a wide range of health benefits, although 

the scientific evidence for most of these claims is scant. The fat or lipid content in goat milk is 

a crucial but sometimes ignored factor. Typical goat milk fat contains much more butyric 

(C4:0), caproic (C6:0), caprylic (C8:0), capric (C10:0), lauric (C12:0), myristic (C14:0), 

palmitic (C16:0), and linoleic (C18:2) fatty acids than average cow milk fat, but less stearic 

(C18:0) and oleic acid (C18:1) (Haenlein, 2004). 

Furthermore, compared to cow's milk, goat milk is considered to be higher in medium-

chain fatty acids (C6-C10). While the protein structures of goat and cow milk are comparable, 

there are notable distinctions (Miller & Lu, 2019). Also, people allergic to the lacto albumin-s 

protein in cow's milk find it safer to consume goat milk without developing those allergic 

reactions. These variations account for the fact that some persons with cow-milk allergies can 

drink goat milk for extended periods, and the smaller fat globules in goat milk remain 

suspended, giving the impression of "natural homogenization (Haenlein, 2004)." The benefit 

of goats' milk is, therefore, even to consumers. Since goats are such good browsers, they are 

able to obtain the nutrients they need from a wide variety of plants, including those with 

aromatic or flavor components that can be transferred to the goat's milk or cheese and used to 

create one-of-a-kind specialty products (Rahimi et al., 2022). 

Despite all these nutritional and livelihood benefits of dairy goats, their productivity is 

constrained by many factors ranging from nutritional deficiencies, poor quality breeds, a lack 

of quality breeding and replacement stock, and generally poor standards of management, all 

contributing to the overall poor output. This is because all these aspects of goat management 

are considered to be frequently below ideal levels, and this is despite the dairy goat industry 

having immense potential if it is fully exploited. Among all the factors hindering the growth of 

dairy goat production nationally, the most important is the shortage of good quality feed. Lack 

of a year-round supply of good quality feed has both direct and indirect effects on the 

production performance of dairy goats as it affects milk production, reproduction, and even the 

animal's health (Gitau, 2013). Undernourishment is from the perspective of basal feeds and 

supplements, so any dairy goat nutrition intervention must address the two issues 
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simultaneously. However, owing to changes in farming systems from free range to zero 

grazing, there is a need to have a suitable formulation that will ensure that the confined dairy 

goats can meet their daily nutritional requirements. 

Rhodes grass (Chloris gayana) hay is widely used as a basal forage for most ruminant 

livestock kept by farmers in Kenya, including dairy goats. However, depending on age, it must 

provide sufficient nutrients for optimum growth and production (Miller & Lu, 2019), with 

crude protein content ranging from 7.5 to 8.5%. Because of its ease of propagation, Rhodes 

grass is generally easy to cultivate and maintain. Therefore, it is widely grown and utilized by 

most farmers either as grazed pasture or preserved as hay. Furthermore, because of its high 

herbage biomass production, the Kenyan varieties, especially the Boma Rhodes, are plentiful 

and suitable for grazing and hay production. Despite having a low nutritious value, especially 

protein, when old, livestock readily devours them (Osuga et al., 2012). However, their yields 

and nutritional status tend to drop with varying yearly weather conditions, making it impossible 

to meet the year-round dietary needs of animals (Osuga et al., 2012). Therefore, as a basal 

forage, it must be supplemented with protein sources such as herbaceous legumes, 

multipurpose trees, oil seed cake, and Chicory (Cichorium intybus), among others, to improve 

its utilization.  

Chicory (Cichorium intybus) has long been utilized as cattle feed in numerous parts of 

the world (Mahmoud, 2021). Due to its many beneficial medicinal, culinary, and nutritional 

properties, Chicory is rapidly gaining popularity, especially in Kenya. It is grown by farmers 

in most dairy farming areas. Also, chicory fodder has the same effect on animals as legumes 

and even more so than grass-based pastures. When added to basal pasture grasses during 

feeding, Chicory enhances milk production, as Mahmoud (2021) reported. According to 

Minneé (2017), the crude protein content of most chicory types is over 19% on a DM basis, 

which is 1.6-2.4 times greater than the value of most traditional grains like wheat, rice, corn, 

and barley; this indicates that Chicory is the best alternative source of protein. The Chicory is 

rich in phytochemicals like inulin (Lepczyński et al., 2021). Inulin is frucstosan, a polymer of 

fructose, an alternative storage carbohydrate to starch, mainly in temperate pastures and some 

plants such as artichoke, Chicory, and some vegetables. Previous studies have shown that fresh 

Chicory roots contain 68% inulin (DM basis), a storage polysaccharide just like starch and, 

therefore, potentially rich in energy, besides protein, among other benefits to the nutrition and 

health of the animal. 

Because of these qualities, Chicory is an alternative option for an affordable, all-natural, 

and long-lasting feed supplement or alternative for the livestock. This makes protein in animal's 
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diets available and affordable. The inulin found in Chicory is a source of soluble dietary fibre, 

a prototypical prebiotic particularly advantageous in animal nutrition, and a functional food 

additive (Lepczyński et al., 2021). Available literature shows that prebiotics improve health by 

encouraging the growth of beneficial bacteria in the gut, like lactobacilli and bifidobacteria 

(Lepczyński et al., 2021). Inulin is a prebiotic that has been linked to a variety of health 

benefits, including immune system stimulation, reduced levels of harmful bacteria in the 

intestine, relief from constipation, a lower risk of osteoporosis due to improved absorption of 

crucial minerals like calcium, and a reduced risk of atherosclerosis due to decreased synthesis 

of triglycerides and fatty acids in the liver and reduced serum levels (Lepczyński et al., 2021). 

In Kenya, Chicory is planted in fertile and well-drained soils with pH ranges between 6.5 and 

7.2. Chicory is suited to cool climate zones. Chicory has nutritional and medicinal properties, 

so breeding among goats is boosted to a greater extent. Healthy goats generally perform well 

in terms of reproduction. A minimum of 7% crude protein is required in a diet of dairy goats 

for improved performance. 

Yeast (Saccharomyces cerevisiae) is a probiotic material widely used as a feed 

supplement for livestock worldwide (Shurson, 2018). In many cases, using yeast in animal 

feeding programs has enhanced rumen fermentation, health, milk yield, and acclimatization to 

heat stress. Yeast is a low-cost material compared to other feed supplements/additives to boost 

animal productivity without additional cost (Shurson, 2018). Domestic animal diets have been 

modified to include yeast in animal feed. Animals kept as pets also benefit from this because 

their health and productivity typically improve. The yeast Saccharomyces cerevisiae is widely 

used in animal feed (Shurson, 2018). Brewer's dried yeast, primary dried yeast, and torula dried 

yeast are also frequently used in animal feed. The nutritional value of fermented human foods, 

such as beer and bread, is greatly enhanced by the use of yeasts, and this may also apply to 

animal feed. Yeast is added to animal feed to alter rumen fermentation, boost nutrient digestion, 

decrease the likelihood of rumen acidosis, and boost animal productivity (Kashongwe, 2013). 

It is specifically used in this study to affect the dairy goats' rumen fermentation parameters 

synergistically. Due to its high energy, protein, and amino acid content, yeast is an excellent 

supplement for animal feeds (Vohra et al., 2016). Additionally, yeast tends to benefit more in 

animals feeding on poor-quality roughages such as standing hay/dry grass, cereal straw, and 

stover that form the main basal diet for bulk feeders like cattle and buffaloes, unlike goats, 

which are generally concentrated selectors. 

Many studies have documented the benefits of various probiotics, such as yeast, and 

prebiotics, such as inulin or Fructosan (Ayichew et al., 2017; Kechagia et al., 2013; Markowiak 
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&Śliżewska, 2018). Besides the apparent nutritional benefit and health through decreasing the 

need for medication such as antibiotics, it is noted that feed additives, like probiotics and 

prebiotics, are considered very safe with no known adverse side effects on the body and the 

environment. Further research is needed to fill the gaps in our understanding of how probiotics 

like yeast affect animal health and performance. Attempts should be directed toward 

understanding how these products enhance these animals' production and reproductive capacity 

through low-tech solutions that primary producers, especially smallholder farmers, can quickly 

adapt. The country is well endowed with a wide range of feed resources that include pasture 

browses and agro-industrial by-products that, if used correctly, can significantly contribute to 

improved livestock productivity through better nutrition and health. Besides, some of the 

locally available forages do contain extracts that contain secondary compounds that could 

benefit the nutrition, performance, product quality, and health of sheep and goats. Moreover, 

yeast (Saccharomyces cerevisiae) and other beneficial probiotics can fill in for antibiotics and, 

therefore, reduce antibiotic use (Malik et al., 2019).  

Most small-scale dairy goat producers respond to this difficulty by raising and feeding 

goats a diet of different forages, often requiring reliable scientific data on the effects on the 

goats' productivity (Miller & Lu, 2019). However, more research data needs to be on goat 

management and production primarily on energy and protein nutrition. It is generally 

appreciated that while there is a need for energy from the basal diet that comes from the basal 

forage, such as Rhodes grass hay, that energy can only be efficiently utilized if there is an 

adequate and balanced protein/nitrogen supply both at the rumen and tissue metabolism level 

(Migwi et al., 2013). Therefore, there is a strong case for conducting a study on energy and 

protein utilization in dairy goats to improve their productivity for better livelihood, focusing 

on smallholder dairy goat farmers, specifically, with the emphasis on establishing the optimum 

performance of dairy goats, Chicory, a supplement of Rhodes grass hay, mixed yeast 

(Saccharomyces cerevisiae) in this study. Brewer's yeast is made from Saccharomyces 

cerevisiae and is beer-making's by-product. The objective of the present study is to evaluate 

the performance of a growing dairy goat fed on Boma Rhodes grass hay supplemented with 

Chicory mixed with brewer's yeast (Saccharomyces cerevisiae).  

1.2 Statement of the problem 

Dairy goats in Kenya are often fed a basal diet that is generally deficient in essential 

nutrients, especially protein. Boma Rhodes grass is low and variable in protein and is mostly 

used as a primary basal forage. Therefore, there is a need to supplement basal forages with 

protein sources such as plant-based Chicory, which is fairly cheap compared to protein sources 
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such as cotton seed cake and sunflower. Much needs to be known about Chicory's energy and 

protein potential. Probiotics such as yeast and prebiotics such as inulin found in Chicory have 

great potential to improve the animal's performance and minimize greenhouse gases emissions. 

Nonetheless, the potential of these products in addressing nutritional and health effects in dairy 

goats still needs to be explored in Kenya. There is a need to explore the potential of 

supplementing basal forages with protein sources – mixed with probiotics. The study focuses 

on the performance potential of feeding dairy goats on Rhodes grass hay combined with 

Chicory and/or yeast.  

1.3 Objectives  

1.3.1 General objective  

To contribute to food security and poverty alleviation through the improvement of 

growth performance of weaner dairy goats fed on Rhodes grass hay supplemented with 

different levels of Chicory with or without yeast  

1.3.2 Specific objectives 

i. To determine the chemical composition and in-vitro organic matter digestibility of 

Rhodes grass hay when supplemented with different levels of Chicory with yeast or 

without 

ii. To determine the effect of supplementing different levels of Chicory with or yeast to 

growing dairy goats fed on Rhodes grass basal diet on voluntary feed intake and weight 

gain 

iii. To determine the synergistic effect of yeast and Chicory on rumen fermentation 

parameters and estimation of greenhouse gases 

1.4 Hypotheses 

i. There is no significant difference the chemical composition and in-vitro organic matter 

digestibility of Rhodes grass hay when supplemented with different levels of Chicory 

with yeast or without 

i. There is no significant difference in supplementing different levels of Chicory with or 

without yeast to growing dairy goats fed on Rhodes grass basal diet on voluntary feed 

intake and weight gain. 

ii. There is no significant difference in the synergistic effect of yeast and Chicory on 

rumen fermentation parameters and estimation of greenhouse gases. 
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1.5 Justification of the study 

Many people in rural areas in Kenya depend on dairy goats for their nutrition, food 

security, and livelihood, especially household income. Despite the enormous potential that the 

dairy goat industry has, its productivity is constrained by many factors, leading to low output. 

Although Rhodes grass is commonly cultivated in Kenya, it is generally deficient in protein 

and, therefore, not efficiently utilized by ruminants such as dairy goats. It, therefore, requires 

supplementation with deficient nutrients such as protein nitrogen. Chicory has the potential to 

play this role, but it’s nutritional and health role in goat nutrition has not been determined. 

However, a growing goat may not get enough of its needs on a diet consisting solely of Rhodes 

grass hay (Murney et al., 2019). Like many other livestock, goats suffer from nutrient 

deficiencies, especially in energy and protein, as they mature. There must be an additional 

supply of protein in addition to the grass hay. Herbaceous plants like Chicory are excellent 

sources of protein and other nutrients. Incorporating fodder crops into diets already containing 

low-quality roughages has boosted dry matter (DM) consumption and animal productivity. 

Probiotics such as yeast have also been found to positively affect animal health and 

productivity (Markowiak & Śliżewska, 2018).  

To a large extent, adverse climatic conditions triggered by global climate change are 

the current order of the day on the global stage. This makes livestock farming a challenge; there 

is a need to focus on smart agriculture. The traditional feeding techniques, such as open-field 

browsing, could be more balanced, resulting in a low nutrient intake since extreme weather 

patterns limit the free growth of nutritive animal feeds in the fields. In this regard, 

supplementing dairy goats' basal diets (Rhodes grass hay) with protein sources Chicory with 

or without yeast is reasonably balanced. Results from this study will be used to advise farmers 

on the optimal supplementation levels for feeding dairy goats, to enhance the animal 

productivity and reduce greenhouse gases emissions. Additionally, it provides guidelines for 

minimizing greenhouse gases emissions, which is a global concern currently.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 An outlook of Kenya's dairy goats industry 

The Kenyan dairy goat industry started prospering after the white settlement in Kenya 

– when exotic dairy goat breeds were introduced into the Sub-Saharan country. The exotic 

breeds introduced included Alpine, Toggenburg, Saanen, and Anglo-Nubian. According to 

FAO (2010), local and exotic goats have been crossed to batten the local goats. Commercially-

purposed dairy farming, under intensive farming programs, has witnessed prosperity and 

contributed to improved human nutrition, batten economy, and income (Reddy, 2018). 

Improved dairy goats in Kenya are the most reared breeds by most individuals. This implies 

that the dairy goat industry in the country is gaining popularity, especially in Kenya's dairy-

farming-suitable highlands. The cross-breed of local and Toggenburg goats is gaining fame in 

East Africa. According to Bernardine (2011), Toggenburg dairy goats, together with their 

resulting cross-breeds, are the primary income earners in the country through the sale of new 

breeds. Furthermore, Bernardine's (2011) establishments – which are further backed by the 

articulation of Mburu et al. (2014) – report improved goats have an enhanced level of milk 

production compared to their local counterparts.  

Because of their resilience and adaptability, goats play a significant role in the livestock 

industry, particularly for small and urban farms. Goats are essential to the rural economy and 

people's health since they provide significant milk and milk products. Ca, Mg, and P levels in 

goat milk are higher than in cow and human milk. Farms can benefit from goats in manure, 

meat, and cash. With its low production costs and simple maintenance, dairy goat farming is 

becoming an attractive business opportunity for Kenya's smallholder farmers. Dairy goat 

farming has the potential to provide a sustainable income for a large number of farmers, which 

could help them achieve Sustainable Development Goals 1 and 2. 

 

2.2 Position of dairy goats in the Kenyan economy 

Apart from other reasons dairy goats are reared in Kenya – which may include manure 

and breeding stock production – farmers keep dairy goats with the significant intention of 

producing milk. Goats and camels have a total milk production accounting for twelve percent, 

with the rest being produced by cows. As compared to cows, goats have the potential to give 

birth more times within a short duration, hence giving more returns to the farmer (Bizna, 2018). 

In this consideration, therefore, goats are a robust economic pillar for many farmers in terms 

of both income and food supply. Eating meat and milk as food and selling goat products, such 
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as milk and breeds, earn the farmer food security and monetary income, respectively. As such, 

dairy farming – concerning goats – is a food security booster and poverty alleviator. 

According to Bernardine et al. (2011) establishments, a double return – both in terms 

of milk production and sales – is witnessed by dairy goat farmers (whose dairy goats are 

improved) than individual rearing local goats. As land sizes continue to decrease over time 

(Birch, 2018), switching to a more intensive production has been established as a suitable and 

sustainable approach in the dairy goat industry. Mburu et al. (2014) discovered that the 

potential of dairy goats in Kenya is high. Both improved and pure breeds of dairy goats are 

currently in high demand; according to Reddy (2018), the high demand needs to be met through 

advancements in goats' developmental activities. According to FarmersTrend (2016), enhanced 

breeds of dairy goats foster food security and alleviate poverty among farmers. 

 

2.3 Nutritive value of goat's milk in human health 

As discovered by vast recent literature, goat milk is suggested to have a high value of 

nutritional and health benefits to humans. Axe (2018) discovered goats' milk to treat 

gastrointestinal tract complications and allergies contributed by cow's milk. Based on Axe's 

(2018) findings, goat's milk is the best option for feeding malnourished individuals. Edward 

(2018) also found goat's milk superior to cow's milk in health and nutritive benefits. Many 

human complications can be treated with goat's milk – whose medicinal quality is directly 

contributed by high levels of medium-chain fatty acids (MCFA) and short-chain fatty acids 

(SCFA). MCFA that comprise C6:0, C8:0, and C10:0 (Caproic, caprylic, and capric acid, 

respectively) – As confirmed by Getaneh et al. (2016) – treat a wide range of complications 

associated with malabsorption syndrome of individuals with ailments such as gallstones, cystic 

fibrosis, and steatorrhea among others. According to the discoveries by Getaneh et al. (2016), 

MCFA also decreases cholesterol levels in the blood serum and restrains the deposition of 

cholesterol in soft tissues. MCFAs have antiviral, antibacterial, and anticoccidial effects that 

affect the host and the probiotics. As such, MCFA and probiotics act synergistically. In their 

findings, Axe (2018) recommended that people with health issues related to anemia, 

malabsorption, and osteoporosis should constantly be fed goats' milk; goat's milk is 

hemoglobin revitalized.  

 

2.4 Feeding of dairy goats 

Goats are comparable to other livestock; appropriate feeding techniques are always 

required to guarantee the best performance. Mdukatshani (2015) affirms that quality production 
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performance and appropriate growth are witnessed when proper care is provided to the goats. 

Goats are remarkably different from other ruminants as they majorly feed through browsing 

and selectively feed on leaves, soft shoots, and flowers (Mdukatshani, 2015). Based on the 

articulation of Tanmay (2014), goats can feed on rations made at home and local grasses. It is 

observed that the supply of good forages to dairy  enhances both growth performance and milk 

production at a cheaper cost than commercial feeds (Agbabiaka ,2019). 

In this case, the proper growth of animals and dairy goats must be provided with 

sufficient dietary demands throughout the year. Forage that has been cultivated and various 

crop leftovers, as well as household wastes like potato and banana peels, are frequently used to 

feed dairy goats. Despite the paucity of nutritional information on the used diets, dairy goat 

farmers frequently use more than one type of forage at a time, leading to mixed rations. A solid 

goat management program's primary goal is to have a doe weigh 45 Kg at first kidding, which 

equates to a growth rate of roughly 120 g per day for exotic breeds and 20 to 35 kg for 

indigenous goats (Thobile et al., 2021). According to Ngunjiri (2020), the average daily growth 

in body weight is 139 g, with a maximum daily gain of 272 g. Conversely, a lower pre-weaning 

growth rate of 92 g/day and a post-weaning growth rate of 76 g/day, as well as a growth rate 

range of 50–100 g/day for kids aged between one and three months, have all been observed for 

exotic and native goats, respectively (Ngunjiri,2020). Because commercial feeds are so 

expensive, supplementation for developing goats is not a procedure that is often used. 

The slower growth rate in these improved dairy goats causes later puberty and sexual 

maturation, which delays the age of first kidding. Since early breeding has been done, females 

can have kids as young as a year old because goats attain sexual maturity as early as 4-6 months. 

According to Safaa et al. (2015), the age at first kidding of Saanen goats is approximately 458 

days. As a result, creating a year-round forage program that allows for ample nutrition all year 

is vital to ensure that goats grow well. The high cost of dairy production inputs like commercial 

feeds and other support services, as well as their accessibility, are significant challenges in 

smallholder dairy production (Muia et al., 2011). However, even though pastures and fodders 

are claimed to be the most affordable form of animal feeds accessible in terms of quality and 

quantity and are thus advised for feeding ruminants (Bakhashwain, 2010), inadequate nutrition 

is still one of the main challenges in goat feeding (Muia et al., 2011). The shortages can be 

reduced by supplementing roughage diets with commercial feeds that provide the lacking 

elements. However, the high cost of using such commercial feeds as a supplement to goat diets 

has significant limitations (Muia et al., 2011). This can be met by supplementing primary diets 

with available nutritive farm-based supplemental ingredients.  
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2.4.1 Protein and energy 

Growing animals require energy for growth purposes. The primary source of energy 

for goats is carbohydrates. Goats require maintenance energy to maintain temperature and 

enhance normal body functions and activities. To gain weight, goats also require energy. 

High energy is required to boost many body functions, enhancing growth instead of low 

energy. Protein is required in animals' bodies to grow and repair tissues during critical 

metabolic activities. Protein is highly required to produce components such as blood and 

muscles. Fifteen to eighteen percent of crude protein in diets is recommended for growing 

goats to enhance their growth fully (Reddy, 2017). Ki et al. (2009) discovered that 

digestibility and feed intake are boosted by high energy and crude protein in growing goats' 

diet than low energy and crude protein.  

Table 2. 1: Nutrient requirements for growing goats:  

 Recommended (%) Rhodes Grass (basal diet in %) 

Crude Protein 15-18 10-11 

Crude Fibre (%DM) 12 35.5 

Acid Detergent Fibre 

(%DM) 

23 75.7 

Source: NCR. (2007). 

2.4.2 Minerals and vitamins 

Gasparotto (2015) is keen in their articulation, mentioning the vitality of minerals and 

vitamins on goats' health. When added to the diet in low quantities, they are highly nutritional. 

Spencer (2019) listed sodium (Na), calcium (Ca), and Chlorine (Cl), among others, as the most 

crucial minerals in goats' diet. On the other hand, vitamins take an active role in animals' 

metabolic processes. They include vitamins A, D, E, and K, which are fat-soluble, and vitamins 

B and C, which are water-soluble. Water-soluble vitamins can be synthesized directly in an 

animal's body. Fat-soluble vitamins need to be added to the diet due to the inability of goats to 

synthesize them directly. In order for the productive performance of dairy goats to be enhanced 

appropriately, according to NRC (2007), 84 IU and 400 IU of vitamin E and A, respectively, 

are required for goats weighing 10 to 20.5 kilograms, while 144 IU and 700 IU of vitamins E 

and A are required for those weighing 20.5 kilograms. 
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2.4.3 Fats and water 

Fats are nutritive ingredients in animals' diets that provide energy. Generally, fats are 

not necessarily required in the diet unless for exceptional cases like lactating individuals. 

However, Salah et al. (2014) clarified that the inclusion level of fat in an animal's diet should 

be less than seven percent. Water is another requirement in goats' diet since it aids in digestion, 

absorption of nutrients, and excretion of wastes. Gasparotto (2015) mentioned that water 

directly impacts the animal's feed intake and ability to fight ailments. Therefore, the animal 's 

physiological status can be significantly impacted without water. 

 

2.4.4 Source of protein for goats 

Ruminants feed on a wide variety of feeds, which comprise local grass and some 

legumes. Legumes are animal feed rich in protein and classified as protein-rich forages. Some 

common protein-rich forages are Mulberry (Mulberry spp), sweet potato vines, and 

Desmodium (Desmodiumspp). As opposed to local grass, legumes have high crude protein 

content. Leguminous forages are advantageous to ruminants; they enhance the functionality of 

the rumen, enhance the intake of protein, and improve the energy and overall performance of 

the animal. Leguminous forages can be supplemented with typical basal diets to enhance the 

quality of the animal's diet. However, some non-leguminous forage that includes Chicory can 

also supplement grass-based diets; Chicory is protein-rich forage.  

 

2.4.5 Chicory  

The Chicory plant (Cichorium intybus) is a biennial herb that grows best on somewhat 

fertile, well-drained soils (Murney et al., 2019). With its deep root system that allows it to 

survive during extended dry periods, this plant, with proper care, can produce a large quantity 

of forage biomass with high crude protein. Besides, it also has prebiotic inulin, which promotes 

the development of beneficial bacteria in the digestive tract that can deliver both nutritional 

and health benefits to the animal. There are several kinds of Chicory with various economic 

uses, and there needs to be more clarity over the botanical classification of such variants. 

Brussels chicory, Treviso red chicory, and Endive are only a few of the commercial variants of 

the intybus species of vegetable that have attained widespread recognition for their exceptional 

economic value. Since Chicory can stay green longer than other forage species, it also contains 

less dry matter and fewer structural carbohydrates (Nwafor et al., 2017). These qualities are 

why farmers have come to value chicory significantly.  
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According to research by Di Grigoli et al. (2012), Chicory forage significantly impacts 

dairy performance in grazing sheep and can supply long-lasting, high-quality herbs. According 

to research by Laws and Genever (2013), lambs raised on chicory forage grow at rates up to 

70% faster than those raised on a conventional grass sward, and their performance is 

comparable to that of lambs raised on leguminous fodder. Herbal supplements given to 

livestock have been shown to improve rumen fermentation, digestibility, and the composition 

of milk's fatty acids (Nwafor et al., 2017). Additionally, fermentation results in the production 

of volatile fatty acids (VFAs). These VFAs are a valuable source of substrate carbon for cellular 

synthesis. Acetate and Butyrate (Acetogenic VFAs) are, therefore, important sources of energy 

(ATP), heat, and substrate carbon for various biosynthetic functions such as the synthesis of 

non-essential amino acids, among others. Propionate is important as a source of energy (ATP) 

and a major substrate for glucose synthesis via gluconeogenesis, besides being useful in the 

synthesis of other organic products. Feed efficiency in ruminants can be increased through 

plant extracts or medicinal herbs. Therefore, this is an area of growing interest. 

 

2.4.6 Beneficial effects of inulin from Chicory  

Inulin is a fructose polymer found primarily in plants in temperate climates and various 

vegetables, artichokes, and Chicory. Inulin, like starch, is a storage polysaccharide. Previous 

research has revealed that fresh chicory roots contain 68% of them (on a dry matter basis), 

making them a potentially significant energy source and protein source. According to 

Samanta et al. (2013), inulin can maintain intestinal health by increasing the activity and 

population of Bifidobacterium and Lactobacillus in the colon. This effect is referred to as the 

prebiotic effect. Short-chain fatty acids (acetic acid, butyric acid, and propionic acid) were 

created by fermentation of inulin and FOS in the back of the colon, decreasing the pH and 

encouraging good bacteria growth. In addition to serving as a source of energy for the host, 

short-chain fatty acids also have a variety of other impacts, such as controlling the migration, 

differentiation, and proliferation of intestinal epithelial cells, which in turn affects the 

metabolism of lipids and glucose. 

Additionally, it is essential for preserving the gut environment's stability and 

influencing the colon's mucosal barrier (Rebolé et al., 2010). The process by which inulin DP 

regulates gut microbial flora is highly influenced (Zhu et al., 2017). Given that both FOS and 

inulin must be hydrolyzed into monosaccharides before being utilized by intestinal microbes 

and that fructose with low polymerization experiences relatively rapid microbial fermentation, 

it is likely the reason why FOS results were superior to inulin in the regulation of intestinal 
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microorganisms in mice. Long-chain fructose has a higher resistance to fermentation and 

spends more time in the digestive system. Through competitive exclusion, inulin-type fructans 

stop harmful bacteria from colonizing (Samanta et al., 2013). Additionally, it has been 

suggested that feeding inulin and FOS to broilers may improve the shape of the intestinal 

mucosa, such as raising villus height, which may promote the absorption of nutrients (Rebolé et 

al., 2010). 

 

2.4.7 The use of yeast in ruminant nutrition  

Yeast and other probiotics are widely utilized in animal feeding due to their favourable 

influence on health and encouragement of growth (Markowiak & Śliżewska, 2018). 

Gastrointestinal microbial composition, therapeutic effects, metabolic effects, and 

immunomodulation are just a few of the health and performance areas that probiotics can 

improve. Yeast provides beneficial effects on ruminants, including promoting the growth of 

cellulolytic bacteria such as Bacillus, Erwinia, and Pseudomonas (better ruminal breakdown of 

dry matter), decreasing acidosis incidence by maintaining a steady ruminal pH, and enhancing 

feed efficiency (starch and cellulose). Since this increases the availability of nutrients in milk, 

it helps lambs grow faster. It also increases nitrogen fixation as bacterial protein and critical 

amino acids by boosting microbial production. Yeasts have been helpful in ruminants, 

particularly those that consume low-quality roughages that are heavy in fibre, including cereal 

crop wastes like straw and stover. The yeast cultures are mixed in with the forages right before 

feeding time. Since anaerobic fungi play a crucial role in the breakdown of fibrous feed 

material, their proliferation in the rumen improves the digestion of dietary fibre. In addition, it 

has been hypothesized that yeast colonies in the rumen could generate low-molecular-weight 

chemicals that promote the expansion of cellulolytic bacteria. This may synergistically affect 

the host organism by increasing cellulolytic activity in the rumen, which is especially helpful 

for animals that get their nutrition from refractory fibrous roughages such as cereal straw and 

stover. 

 

2.4.8 Supplementation of goats' basal diet with Chicory 

For supplementation purposes to be practical for the animal, the supply of basal diet 

needs to be adequate. The supplementary diet is expected to provide the rumen microbes with 

the nutrients deficient in the basal diet, hence enhancing the digestibility of the basal diet. 

Chicory (Cichorium intybus) is an herbaceous plant of the Asteraceae family. The plant is 

established to do well in moderate to good drainage soils – whose PH levels are 5.5 and above. 
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Luginbuhl (2006) states that the goats' forage is drought resistant. The forage is an herb, not a 

legume or a grass.   

Inulin – an oligosaccharide derived from the chicory plant, can be supplemented into 

goats' diets as a fibre. As a basal diet supplement, inulin contributes many physiological 

benefits to goats (Birmani et al., 2019). Based on a recent research study, inulin keeps the 

microflora in the intestines in balance, enhances immunity, improves weight gain, and also 

helps to ensure the conditions of the intestines are maintained at optimal standards (Petkova et 

al., 2015). Yeast is found to be responsible for stimulating the growth of ciliate protozoa 

(Tripathi & Karim, 2011). It is well-established that ciliate protozoa maintain the pH of the 

rumen (Amin & Mao, 2020). As such, yeast – through enhancing the growth of ciliate protozoa 

– appropriately maintains the pH levels in the goat's rumen. Dias et al. (2018) confirmed the 

inclusion of yeast in the diet to enhance the digestibility of the basal diet; yeast was discovered 

to enhance the growth of microbes responsible for digesting fibre. 

Supplementation of the basal diet with yeast is confirmed to contribute to stabilized gut 

health through stabilization of rumen condition and reduced diarrhea (Amin & Mao, 2020). 

Also, yeast inclusion in the diet improves feed intake (Amin & Mao, 2020). This is achieved 

through yeast triggering the reproduction of cellulolytic and lactate-utilizing bacteria. Despite 

the enormous significance of the combination of yeast (probiotic) and inulin (prebiotic), limited 

studies exist on their effects on growing dairy goats. 

 

2.5 Voluntary feed of goats 

According to Matovu (2016), the productive performance of animals is dictated by their 

feed intake. When not restricted, the animal's total feed amount is its voluntary feed intake. 

Ruminants have different total feed intake and ruminating times (Pakistan, 2013). According 

to the researcher, goats – compared to sheep – have higher feed intake. The ruminating time 

based on Pakistan's (2013) reports differences between the two animals. 

 

2.5.1 Factors associated with animals' feed intake 

Matovu (2016) states that three factors influence ruminants' feed intake. The factors are 

associated with feeding, environment, and the animal. The animal-related factors impacting 

feed intake comprise sex, age, and physiological status of the animal. Ocak et al. (2018) 

confirmed that the animal's physiological status affects its feed intake. For instance, the 

individual in a lactating phase demands more food to provide the required energy, hence a 

higher feed intake than a dry one. According to Ngunjiri (2020), male animals require more 
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physiological energy than females, demanding higher feed intake than females. The researcher 

also noted that growing animals require more food than adults since they continually grow 

(Ngunjiri, 2020). The animal's age, sex, and physiological status are animal-related factors 

impacting their feed intake. 

Based on the findings of Ngunjiri's (2020) articulation, the palatability of the feed – 

which tastes and smells – affects the amount of feed the animal is willing to consume. The 

animal consumes a tasty feed supplemented with the appropriate amount of minerals and other 

tasty additives more than contaminated or poor-quality feed. Environmental-related factors 

such as weather conditions, temperatures, stresses, and parasite infestations impact animals' 

feed intake (Ngunjiri, 2020). During heavy rains, animals are unwilling to eat, reducing feed 

intake. According to Ngunjiri (2020), poor health may be associated with parasites and declines 

in the intake the animals are willing to take. During cold, compared to warm conditions, the 

animal eats more for the body to generate enough of the demanded warmth. 

 

2.6 Growth factors in goats 

Goats are comparably similar to other animals; the progress of their growth and 

development – ecological elements – are impacted by numerous factors. Marete et al. (2011) 

confirm – among other factors – sex, nutrition, birth season, and birth type (multiple or single) 

as factors impacting the growth performance of dairy goats. Based on the research discoveries 

by Alade et al. (2008), the growth of goats' kids is faster in single births than in multiple births. 

The explanation is that single births expose a child to sufficient milk from the mother. In the 

case of multiple births, kids are observed to compete for the available milk amount, reducing 

the amount of milk consumed by each kid. In this regard, kids from single birth are exposed to 

higher average daily weight gain (ADG) than their counterparts from multiple births. The kids 

from first parity are reported to gain lower weight gain as compared to kids who are from higher 

parities (Deribe & Taye, 2013). In higher parity, the doe is big-bodied, creating higher chances 

of bearing heavier kids and enhanced yields for lactation.  

Also, according to Deribe and Taye (2013), the rainy season is suitable for kids to grow 

faster due to a sufficient food supply, unlike the dry seasons. Deribe and Taye (2013) – in their 

articulation, found that growing goats from higher parity, born during the rainy season and born 

from single births, portray higher growth performance than those from multiple births, of first 

parity and born during little-or-no-rain seasons. Safaa et al. (2015) showed that male growing 

goats grow faster than their female counterparts. According to Anya et al. (2011), the growing 

goats perform poorly – when supplied with insufficient nutrition or when diets are not 
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supplemented. When goats are reared on poor-quality feeds or not supplemented, their daily 

feed intake is below required, and they grow poorly. 

 

2.7 Performance of Saanen and Toggenburg crossbreed  

Crossbreeding of the Saanen and the Toggenburg dairy goats has received attention 

owing to their ability to improve the milking qualities in various climates (Flores-Najera et al., 

2020). Saanen goats, developed in Switzerland, are, for instance, popular for their high milk 

production rate, which averages 3-4 liters per day, and their adaptation to intensive farming 

practices. On the other hand, Toggenburg goats also originating from Switzerland are known 

for their tolerance and productivity in cool climates. Saanen is receptive to climate change and 

does well but, has low milk production. At the same time, Toggenburg could produce milk and 

endure the hot climate but crosses between these two breeds will result in offspring that could 

perform well in different farming conditions (Günay et al., 2021). Findings further suggest that 

crossbreds exhibit hybrid vigor which results in improved milk yield, growth, and robustness 

than the purebred (Flores-Najera et al., 2020). 

However, crossbreeding can only be done carefully to ensure the favorable 

characteristics of each breed are not lost. Experiments concerning crossbred dairy goats 

indicate that the Saanen-Toggenburg cross yielded a better milk performance than the 

Toggenburg ones (Nziku, 2022). Further, the crossbreeds have a longer lactation period thus 

most feasible for smallholder farmers (Gore, 2021). This makes them suitable for regions with 

poor climates for either of these dogs on their own and makes them very versatile. This has 

placed the Saanen-Toggenburg crosses in a strategic position and is thus widely used in dairy 

goat farming in various regions (Pakpahan & Furqon, 2023). 

 

2.8 Constraints to development in Kenya's dairy goats industry 

Kenya's dairy goat industry, just as closely compared to any other livestock industry in 

the country, is never exceptional as far as being constrained by a wide range of performance' 

stumbling blocks is concerned. Lack of breeding stock, diseases, inaccessible credit, lack of 

dairy management skills, un-assured markets, poorly organized marketing channels, lack of 

commercial feeds formulated for dairy goats, acceptance of goat milk, and a lack of goat milk 

processing plants are just some of the challenges dairy goat production in Kenya faces. 

A recent Marete et al. (2011) articulation settled on highlighting nutritional 

insufficiencies, inbreeding systems, health challenges, and traditional methods of production 

as some of the problems surrounding the industry in the East African country. Elsewhere, 
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Mbinyo et al. (2017) mentioned unreliable security, inconsistency in buck rotation, high 

nutritional costs, and unreliable market sources for goats and their products as other extra 

constraints in the highly-coveted industry. The decreased productivity, weight loss, diseases, 

or even mortality result from reduced quality and quantity of livestock feed (Mulwa & Kabubo-

Mariara, 2022). This reduces the income of goat producers and has an adverse effect on the 

nation's ability to provide for the livelihood of the farmers, especially nutrition and food 

security. This is because dairy goats, primarily browsers, can benefit from their excellent 

palatability, nutritional content, and overall suitability (Murney et al., 2019). 

Tropical regions, at times, are fiercely faced by unreliable weather patterns, witnessed 

by a lack of enough rain. In consideration of this fact, such hash periods expose dairy goats to 

a starvation crisis – which may deprive them of access to high-quality nutrition programs like 

quality feeds and supplementation. Regarding this, Mburu et al. (2014) instance – of a dairy 

goat producing a liter of milk instead of a potential of up to five liters – suggests reduced 

productivity on diminished nutritional accessibility. Dairy goat farmers are not strategically 

positioned to produce well with their goats by incorporating commercial feeds – this is 

attributed to soaring costs (Mbinyo et al., 2017). 

According to Marete et al. (2011), instances of poorly developed udders and signs of 

bisexuality among goats are some physical indications portraying the dairy goat industry as 

being dominated by inbreeding systems. Mbinyo et al. (2017) summarised their research with 

findings displaying – market instability, ailments, soaring nutritional costs, insufficient feeds, 

buck rotation issues, and insecurity – as the highest to the lowest constraints surrounding the 

Kenya dairy goat industry in that order. 

 

2.9 Kenya's dairy goats industry's enhancement opportunities 

To avoid the unfavourable effects of the challenges mentioned in the obstacles sub-

section above, a wide range of opportunities create an enabling environment for enhanced, 

reliable, and sustainable dairy goat production. According to Marete et al. (2011), the 

prosperity in the industry diminished by the inbreeding systems can be restored by the 

development and appropriate use of buck rotation's new software. According to Marete et al. 

(2011), the software will provide well-guided protocols enabling buck rotation to be 

operationalized into the system. Mbuku et al. (2015) recommendation, which Nirajan et al. 

(2019) backed, endorsed cross-breeding to foster productivity and growth rates. 

Many efforts need to be concentrated on dairy goats' nutritional plans. Through the 

concentrated emphasis on animal nutrition, the performance of products was highly fostered. 
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Mbinyo et al. (2017) recommend that farmers be clinical on matter feeding management. 

According to Mbinyo et al. (2017), farmers must be constantly trained to establish and 

conserve dairy goats' fodder crops, with a focus on protein-rich forages. Nutritional systems of 

feeding dairy goats that concentrate more on locally available resources are more sustainable 

than commercial-based feeds. Chicory is herbaceous forage; it can be a viable supplement to 

the basal diet of Rhodes hay grass. In this respect, the supplementation boosts nutrient intake 

and hence enhances the performance productivity of dairy goats. Bakhashwain (2010) affirmed 

that high-quality forage is both digestible and protein-rich. The primary purpose of this study 

was to establish the performance of growing dairy goats – whose basal diet is Rhodes hay grass 

– when supplemented with Chicory, with or without yeast.  
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CHAPTER THREE 

THE CHEMICAL COMPOSITION AND IN-VITRO ORGANIC MATTER 

DIGESTIBILITY OF RHODES GRASS HAY SUPPLEMENTED WITH DIFFERENT 

LEVELS OF CHICORY, WITH OR WITHOUT YEAST (Saccharomyces cerevisiae) 

Abstract 

This study evaluated the in-vitro organic matter digestibility of Rhodes grass hay supplemented 

with different levels of Chicory - with or without yeast (Saccharomyces cerevisiae). The feeds 

were formulated into eight diets in a CRD with a (4x2) factorial arrangement. The diets were 

Rhodes grass hay and chicory supplementation at (T1:0, T2:10, T3:20, and T4:30%) as the 

main effects and yeast (+) and without yeast (-) as interaction levels given as (T1-,T1+,T2-

,T2+,T3-,T3+,T4- and T4+). The proximate analysis was done to determine the chemical 

composition of the ingredients in terms of dry matter (DM), crude protein (CP), ether extract 

(EE), organic matter digestibility (OMD), and ash using the AOAC's recommended methods. 

The in-vitro organic matter digestibility was determined using the gas production method for 

all experimental diets. The data was analysed using a general linear ANOVA model using SAS 

software version 9.4. The results show that T4+ (30% chicory+70% Rhodes grass+ yeast) 

recorded the lowest Neutral detergent fibre (NDF), crude fibre (CF), and acid detergent fibre 

(ADF) (p<0.05), which explains the increased Metabolizable energy (ME) (21.45%) and OMD 

(3.81 MJkg-1 DM)obtained. It also had the highest CP (109.2 gKg-1 DM) and ash (132.9 gKg-

1 DM). Results from the in-vitro degradability indicate that Rhodes grass hay supplemented 

with 30% chicory and mixed with yeast had the highest gas production (29.63 ml/200 mg DM) 

and (31.70 ml/200 mg DM) at 24 and 48 hours, respectively, indicating that the Chicory and 

yeast combination is suitable for low-quality forages. This study concludes that 30% Chicory 

mixed with yeast is a potential supplement to Rhodes grass hay to improve the growth of dairy 

goats. 
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3.1 Introduction 

Agriculture is the primary source of food security and livelihood for almost 17 million 

Kenyans (Mulwa & Kabubo-Mariara, 2022). However, the rapid increase in human population 

has led to land subdivision, threatening many people's food security and livelihood in rural 

areas. The impact of climate change has further exacerbated this condition, and its adverse 

effects are being felt far and wide by most farmers, especially those who rely on rain-fed 

agriculture (Musyoki, 2017). Besides the increasing sub-division of agricultural land to smaller 

parcels that are primarily unprofitable, the other significant challenges constraining the 

agricultural sector include pests and diseases that affect crops and livestock and the high cost 

of essential farm inputs. Therefore, there is a need to practice sustainable farming that utilizes 

available land efficiently and the available and affordable feed resources such as protein 

sources like Lucerne, calliandra, and Chicory. 

Over the past few years, there has been an increasing inclination toward optimizing 

livestock nutrition to enhance overall health and productivity. Dairy goat farming necessitates 

meticulous consideration of nutritional composition to achieve maximum growth and milk 

yield (Rahimi et al., 2022). The consumption of forage is of utmost importance in the dietary 

regimen of ruminant animals, and the nutritional value of forage can substantially influence the 

overall performance of these animals. Rhodes grass hay, a frequently used fodder, offers vital 

nutrients but may exhibit a deficiency in specific bioactive components that could potentially 

augment the overall welfare of dairy goats (Miller & Lu, 2019). Rhodes grass (Chloris gayana) 

has been widely employed to enhance pasture conditions due to the convenient availability and 

straightforward establishment and management of its seeds. In Kenya, a significant proportion 

of herbage biomass is generated by various plant varieties, making it suitable for both grazing 

and hay production (Osuga et al., 2012). Livestock readily ingests them even in their mature 

state, even though their nutritious value significantly diminishes with age. Previous attempts 

have been undertaken to facilitate the cultivation of Rhodes grass and other native grass 

species, namely Cenchrus ciliaris, Eragrostis superba, Enteropogon macrostachyus, 

and Chloris roxburghiana.  

These grasses are believed to possess the ability to thrive in the challenging climatic 

conditions of the Arid and Semi-Arid Lands (ASALs) located in the southern and central-

northern regions of the Kenyan rangelands. Nevertheless, these crops' productivity and 

nutritional value sometimes diminish under varying climatic circumstances throughout the 

year, rendering them insufficient to meet livestock's dietary needs over the entire year.  
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According to Murphy (2010), tropical grasses typically exhibit low levels of 

digestibility, crude protein content, and total digestible nutrients while generally having a high 

fiber content. The primary factor contributing to the deterioration in the quality of tropical grass 

is its classification as a C4 photosynthetic pathway plant, which exhibits a growth pattern that 

is more prevalent in hotter climates (Lamidi & Ologbose, 2014). The increasing presence of 

structural carbohydrates in C4 grasses, as a result of their adaptation to high-temperature and 

high-light intensity conditions, has led to a reduction in soluble carbohydrates (namely starch). 

According to Temu et al. (2014) and Pedreira et al. (2017), this reduction in soluble 

carbohydrates has been found to negatively influence the nutritional quality of these grasses 

for herbivores. The provision of sustenance for cattle in tropical regions presents a significant 

obstacle due to the varying availability of feed, both in terms of quality and quantity, during 

different seasons (Lamidi & Ologbose, 2014). 

Chicory has historically been employed as a source of livestock feed in several regions 

across the globe (Mahmoud, 2021). Chicory is experiencing a surge in popularity, particularly 

in Kenya, due to its several advantageous attributes in medicine, cuisine, and nutrition. 

Consequently, farmers in various regions of dairy farming areas have begun cultivating this 

plant. Moreover, it is worth noting that chicory fodder exhibits effects on animals comparable 

to legumes, and its impact surpasses that of grass-based pastures. 

According to Mahmoud (2021), including Chicory in the diet of basal pasture grasses 

has been observed to boost milk production. Minneé (2017) asserts that the crude protein 

content of several chicory species exceeds 19% on a dry matter (DM) basis. This number 

surpasses the protein level found in conventional grains such as wheat, rice, corn, and barley 

by a factor of 1.6-2.4. This finding suggests that Chicory represents a superior alternative 

protein source. Chicory possesses a substantial content of phytochemicals, such as inulin, as 

reported by Lepczyński et al. (2021). Inulin is a fructosan, which is a polymer composed of 

fructose units. It is an alternate storage carbohydrate to starch, primarily found in temperate 

pastures and some plant species such as artichoke, Chicory, and certain vegetables. Prior 

research has indicated that fresh chicory roots had a 68% inulin content on a dry matter basis. 

Inulin, a polymer to starch, serves as a storage polysaccharide and hence holds potential as a 

valuable energy source, in addition to its protein content and various other nutritional and 

physiological advantages for animals. 

Due to these inherent characteristics, Chicory is a viable choice for livestock owners 

seeking a cost-effective, environmentally friendly, durable feed supplement or substitute. This 

facilitates the accessibility and affordability of protein in animal diets. Chicory contains inulin, 
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which serves as a soluble dietary fiber. Inulin is recognized as a prototype prebiotic, offering 

numerous benefits in animal nutrition. Additionally, it is utilized as a functional food ingredient 

(Lepczyński et al., 2021). The literature indicates that the consumption of prebiotics positively 

impacts health by promoting the proliferation of advantageous gut bacteria, such as lactobacilli 

and bifidobacteria (Lepczyński et al., 2021). Inulin, a prebiotic, has been associated with 

numerous health advantages, such as immune system activation, diminished presence of 

detrimental intestinal bacteria, alleviation of constipation, decreased likelihood of osteoporosis 

through enhanced absorption of vital minerals like calcium, and a lowered risk of 

atherosclerosis due to reduced hepatic synthesis of triglycerides and fatty acids, as well as 

decreased serum levels (Lepczyński et al., 2021).  

Chicory cultivation in Kenya primarily occurs in regions characterized by fertile and 

well-drained soils, with a pH level ranging from 6.5 to 7.2. Chicory demonstrates a preference 

for regions characterized by cooler climates. The presence of nutritional and therapeutic 

characteristics in Chicory suggests that breeding among goats is significantly enhanced. The 

health of goats directly impacts their overall well-being. Including a dietary protein content of 

7% per goat is justifiable. The combination of Rhodes grass hay and Chicory exhibits the 

potential to boost the nutritional composition of the dietary intake, thereby leading to improved 

growth performance among dairy goats. 

Furthermore, yeast supplementation has been recognized as a beneficial nutritional 

approach in ruminant diets alongside using Chicory. Including yeast, namely Saccharomyces 

cerevisiae, has positively affected fiber digestion, microbial protein production, and nutrient 

absorption (Shurson, 2018). The possibility of using Chicory and yeast supplementation in the 

diet of dairy goats is to provide a balanced and nutritionally enriched feeding regime, resulting 

in improved growth rates and, therefore, enhanced milk output. Further research is needed to 

fill the gaps in our understanding of how probiotics like yeast affect animal performance and 

health. Therefore, there is a strong case for conducting a study on energy and protein utilization 

in dairy goats to improve their productivity for better food security and livelihood. It focuses 

on smallholder dairy goat farmers, specifically emphasizing establishing the optimum 

performance of dairy goats. This study evaluated the in-vitro organic matter digestibility of 

Rhodes grass hay supplemented with different levels of Chicory- with or without yeast 

(Saccharomyces cerevisiae). 
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3.2 Materials and methods 

3.2.1 Feed sample preparation 

The basal diet was Rhodes grass (Chloris gayana) hay, with Chicory leaves and yeast 

serving as supplements. The hay was obtained from within the Njoro area. Chicory was grown 

at the Egerton University farm and harvested after three months. Before the experiment's 

commencement, the Chicory leaves and grass were dried and then shredded to pass through a 

1 mm screen for chemical analysis and a 4 mm sieve for feeding purposes (AOAC, 2005). The 

feeds were then formulated into eight diets and kept at the lab for further analysis. 

 

3.2.2 Chemical analysis 

Dry matter (DM), organic matter (OM), and crude protein (CP) contents were 

determined according to the standard methods (AOAC, 2005). Neutral detergent fibre (NDF), 

acid detergent fibre (ADF), and acid detergent lignin (ADL) were determined according to the 

methods of Van Soest et al. (1991). The total extractable tannins (TET) were estimated 

indirectly after being absorbed into insoluble polyvinyl polypyrrolidone (PVP). The 

concentration of TET was calculated by subtracting the TEPH remaining after PVP treatment 

from the TEPH. 

 

3.2.3 Rumen fluid sampling and in-vitro digestibility 

The in-vitro gas production was determined for all experimental diets with strict 

adherence to the guidelines outlined by Getachew et al. (2002). Rumen liquor from randomly 

selected eight goats from each treatment – two goats from each group, approximately 300 ml 

– was extracted using a suction pump before morning feeding and two days before the end of 

the feeding trial. The liquor was filtered in a two-layered cheesecloth to allow strained fluid to 

be obtained. The fluid was stored in a thermos flask after being flushed with carbon (IV) oxide. 

Three samples of diets, every 0.2 g, were weighed into 100 ml plungers-fitted calibrated glass 

syringes. The syringes were then filled with 30 ml of rumen fluid and buffer solution – in 10 

ml and 20 ml proportions, respectively. Three 30 ml blank samples of only buffer and inoculum 

were then prepared. All the samples were incubated at the same time. From 0 to 96 hr, the 

incubation process was conducted in a water bath at 39oC (controlled thermostatically). The 

recordings of the gas production were done at 0 to 96 hr, at an interval of 3 hours. The average 

volume of the gas produced from the blanks was subtracted from the diet-based sample's 

volume of produced gas. The data of the net volumes of the gas was then transferred into 
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Ørskov and McDonald's (1979) equation. In-vitro organic matter digestibility (OMD) was then 

determined from the equation below: - 

The exponential equation was: - 

Y= a+b (1-e-ct), where, 

 Y = gas produced at the time t  

 a+b = potential gas produced (ml),  

c = the gas production rate constant, and t is the incubation time.  

A graph was drawn to display the incubation trend for the properties of the basal diet (Rhodes 

grass hay) and supplemental diets. Metabolizable energy (ME) and organic matter digestibility 

(OMD) were determined using the gas generated. 

 

3.2.4 Statistical analysis 

Data collected on proximate fibre, tannins, and minerals was subjected to the analysis 

of variance (ANOVA) in a completely randomized design (CRD) using the General linear 

model procedure of Statistical Analysis System (SAS, 2002) version 9.0. The model was as 

follows: 

Yij = µ+ Ti+ Ԑij 

Where: 

Yij = dependent variable 

µ  = overall mean 

Ti = effect of the treatment 

Ԑij = random error term 
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3.3 Results 

3.3.1. Chemical composition of Rhodes grass hay and Chicory 

The proximate chemical composition of Rhodes grass hay (basal diet) used is given in Table 

3.1. 

Table 3. 1: Chemical composition of Rhodes grass hay and Chicory (gKg-1 DM) 

Parameter Chicory Rhodes Grass Hay 

DM 947.4 955.8 

CP 220.6 99.0 

Ash 132.9 88.8 

EE 19.5 25.7 

CF 118.6 324.0 

NDF 291.0 732.0 

ADF 247.3 473.0 

ADL 102.9 34.9 

TET 12.3 47.3 

DM=Dry matter, CP=Crude protein, EE=Ether extracts, NDF=Neutral detergent fibre, 

ADF=Acid detergent fibre, ADL=Acid detergent lignin, CF=Crude Fiber, TET=Total 

extractable tannins. 

Rhodes grass hay had the highest DM content compared to Chicory. The CP content in 

the basal diet was lowest at 99 gKg-1 DM, while Chicory had the highest with 220.6 gKg-1 DM. 

Rhodes grass had the lowest ash content at 88.8 gKg-1 DM, while Chicory recorded 132.9 gKg-

1 DM. There was a similar trend in OMD and ADL, with Chicory having the highest values. 

Rhodes grass hay recorded the highest NDF, CF, and ADF. Conversely, Chicory had the lowest 

total extractable tannins at 12.3 gKg-1 DM, while Rhodes grass hay had the highest at 47.3 gKg-

1 DM. 

 

3.3.2 Chemical composition of basal diet and supplemental diets 

The proximate chemical composition of dietary treatments used is given in Table 3.2. 
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Table 3. 2: Chemical composition of the experimental diets (gKg-1 DM) 

Parameter 

  

Dietary composition p-

value  T1 T2 T3 T4 

(-) (+) (-) (+) (-) (+) (-) (+)  

DM 955.8±0.00ab 956.6±0.00ab 957.1±0.00a 952.1±0.00a 953.5±0.00bc 954.8±0.04ab 951.3±0.16c 954.3±0.01abc 0.0001 

CP 99.0±0.09e 111.3±0.28d 126.5±0.24c 125.8±0.26c 184.6±0.08b 187.8±0.07ab 188.3±0.13ab 196.0±0.06a <.0001 

ASH 88.8±0.02d 90.9±0.23d 97.2±0.16c 102.7±0.03b 104.5±0.04ab 106.2±0.01ab 108.1±0.07a 109.2±0.01a <.0001 

EE 25.7±0.10a 26.0±0.00a 24.7±0.01a 21.0±0.03b 20.3±0.01bc 19.5±0.00bc 19.3±0.00bc 18.7±0.04c <.0001 

CF 324.0±0.90a 329.0±0.29a 300.8±0.12b 304.5±0.08b 290.1±0.11bc 283.5±0.14c 260.1±0.06d 261.1±0.08d <.0001 

NDF 732.0±0.23b 719.1±0.43a 629.8±0.37c 616.2±0.01d 614.0±0.04d 614.5±0.17d 565.9±0.35e 539.9±0.03f <.0001 

ADF 473.0±3.11a 358.3±0.75b 406.6±0.33ab 433.4±2.98ab 368.3±0.25b 367.2±0.19b 366.6±0.15b 380.3±0.22b 0.0008 

ADL 34.9±0.17c 57.6±0.34b 74.9±0.18a 58.9±0.28b 88.9±0.17a 35.8±0.23c 36.9±0.17c 33.9±0.69c <.0001 

TET 47.3±0.01a 37.8±0.00b 37.5±0.00c 37.3±0.00d 37.1±0.00e 29.8±0.00f 16.1±0.00g 11.3±0.00h <.0001 

a, b,c,d,e,f,g,h means in the same row with different superscripts are significantly different at p<0.05) DM=Dry matter, CP=Crude protein, EE=Ether 

extracts, NDF=Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, CF=Crude Fiber, TET=Total extractable tannins; 

with yeast (+), without yeast (-); T1-(Rhodes grass), T1+( Rhodes grass + yeast), T2-(10% chicory), T2+(10%Chicory+Yeast), T3-(20%Chicory), 

T3+(20%Chicory+Yeast), T4-(30%Chicory), T4+(30%Chicory+Yeast). 
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The combination of the ratio T4- (30% chicory and 70% Rhodes grass hay and no yeast) 

had the lowest dry matter (951.3 gKg-1 DM), while T1+ (Rhodes grass with yeast) had the 

highest at 956.6 gKg-1 DM (Table 3.2). The CP for the basal diet T1- was the lowest (99 gKg-

1 DM), while there was an increasing trend in the supplemental diets, with T2, T3, and T4+ 

being the highest at 196 gKg-1 DM. Supplemental diets had the highest ash compared to basal 

diets, with the highest being T4+ with 109.2 gKg-1 DM and the lowest being T1- with 88.8 

gKg-1 DM. The basal diet had the highest NDF, ADL, and TET at 732 gKg-1 DM, 57.6 gKg-1 

DM, and 37.8 gKg-1 DM, respectively. Additionally, there was a decreasing trend in the CF, 

the basal diet with yeast having the highest at 329 gKg-1 DM and T4- having the lowest at 260.1 

gKg-1 DM. OMD increased with the addition of yeast, and thus, the basal diet had the lowest 

with 214.9 gKg-1 DM, while T2+ had the highest with 312.8 gKg-1 DM. 

 

3.3.3 The in-vitro gas production  

Gas production and fermentation parameters are presented in Table 3.3 and Figure 3.1. 

When supplemented with different levels of Chicory-mixed with yeast, Rhodes grass hay 

degraded at 24 and 48 hr. The gas is usually produced by the fermentation and degradation of 

organic matter by microbes in the feed. From the results, at 24 and 48 hr, Chicory had the 

highest cumulative gas at 40.24 ml/200 g and 46.07, respectively. On the other hand, Rhodes 

grass (T1-) had 17.74 ml/200 g and 30.48 ml/200 g, respectively. The addition of yeast had a 

significant effect (p<0.05) in increasing gas production across all the treatments. 
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Table 3. 3: In-vitro gas production (ml/200 mg DM) at 24 and 48 hr and fermentation characteristics of Rhodes grass hay when supplemented 

with different levels of Chicory-mixed with yeast  

  Reading hour Degradation constants Estimated Parameters 

Samples 24 48 A B c A+B RSD SCFA OMD ME 

Chicory  40.24a 46.07a 0a 6.02a 15.8a 6.02a 3.71ab 0.17b 25.46c 4.11a 

T1- 17.74g 30.48g 0.4a 5.15ab 2.03a 5.55ab 4.96 ab 0.23ab 21.66d 3.21d 

T1+ 19.39f 21.91h 0.45a 2.6c 4.72a 3.05d 3.49 ab 0.23ab 21.49d 3.24d 

T2- 2010e 32.52d 0a 4.33abc 10.64a 4.33c 4.85 ab 0.23ab 30.7b 3.36d 

T2+ 20.75e 37.28b 0a 4.98ab 12.3a 4.98abc 5.59a 0.18b 34.78a 3.57c 

T3- 23.41d 32.20de 0.52a 4.22abc 14.18a 4.74bc 3.27b 0.2b 27.68bc 3.75b 

T3+ 29.36b 31.50f 0.52a 3.73bc 12.00a 4.26c 4.32 ab 0.21ab 31.01b 3.79b 

T4- 25.39c 35.69c 0.05a 4.95ab 11.19a 5.00abc 3.83 ab 0.21b 29.26b 3.7bc 

T4+ 29.63b 31.70ef 0.45a 4.31abc 6.60a 4.76bc 4.06 ab 0.3a 21.45d 3.81b 

SEM 0.37 1.05 0.08 0.21 1.3 0.17 0.19 0.01 0.92 0.06 

P-Value <0.0001 <0.0001 0.5258 0.0003 0.1884 <0.0001 0.0236 0.0033 <0.0001 <0.0001 

a, b, c, d,e,fmeans that the same Column with different superscripts is significantly different at p<0.05). OMD: Organic Matter Digestibility (calculated 

from Menke and Steingass, 1988 formula, RSD: Residual Standard Deviation; A is the initial gas produced; B is the actual gas produced during 

DM degradation; A+B is the total gas produced during fermentation; c is the rate of gas production per hour; OMD (%) = 18.53 + 0.9239*(gas 

production at 48 Hrs) + 0.0540* CP (Menke & Steingass, 1988), SCFA (m mol/200mg DM)=0.0222 GP-0.00425, Where GP is 24h net gas 

production (ML/200 mg DM), Menke and Steingass, 1989formula, and ME (MJ/kg DM) = 2.2 + 0.1357 × gas produced (ml/200 mg DM) + 0.0057 

× CP (g/kg DM) + 0.0002859 × EE2 (g/kg DM), Menke and Steingass (1989), for roughages 
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Figure 3. 1: Patterns of in-vitro cumulative gas production on Chicory, Rhodes grass hay when 

supplemented with different levels of Chicory-mixed with yeast 

 

3.4 Discussion 

3.4.1 Chemical composition 

Chicory is among the alternative protein sources for livestock due to its nutritive value, 

which is far better than other protein sources such as Lucerne and Calliandra. The results from this 

study showed that Chicory had the highest CP at 220.6 gKg-1 DM, which is consistent with values 

reported by Laws and Genever (2016). Additionally, it can be seen that combining it in different 

levels with Rhodes grass raises the CP of these ingredients, which demonstrates its usefulness as 

a protein source for dairy goats. In this study, Rhodes grass recorded a CP content of 99 gKg-1 

DM, slightly higher than 80 gKg-1 DM reported by Ngunjiri (2020). The difference is a result of 

the harvesting stage and geographical location. In ruminants, the dietary intake of crude fibre 

stimulates increased chewing, rumination, and saliva production, all of which contribute to 

maintaining a stable and favourable rumen pH and continuing regular rumen activity. 

According to the findings, it was observed that Rhodes grass hay had the highest neutral 

detergent fibre (NDF) content, measuring 732 gKg-1 dry matter (DM), in comparison to legume 

forages. On the other hand, Chicory had the lowest NDF content, with a recorded value of 291 

gKg-1 DM. Ngunjiri (2020) a lower NDF of 690.8 gKg-1 DM. This phenomenon may be attributed 



31 
 

to the developmental stage of the forage, as the cell wall content tends to increase with maturity, 

thus leading to higher NDF levels that depress digestibility. In the present study, the NDF values 

for Chicory were determined to be 291 gKg-1 DM, marginally lower than the previously reported 

value of 353.0 gKg-1 DM (Niderkorn et al., 2019). The observed high lignin content in Rhodes 

grass hay agrees with other studies indicating that grasses generally had higher lignin content than 

legumes (Ngunjiri, 2020). The experimental diets exhibited significant variation in terms of their 

chemical composition. The supplemented diets generally had a significantly (p<0.05) higher CP 

content than the control diet. 

The CP content ranged from 99 gKg-1 DM for Rhodes grass (T1-) to 220.6 gKg-1 DM for 

T4+ (30% Chicory + yeast). The NDF and ADF levels were lowered by supplementation due to 

yeast fermentation's activity. The results also showed a lower NDF and ADF in Chicory. These 

results agree with the findings by Niderkorn et al. (2019). TET was significantly reduced (p<0.05) 

across T1- to T4+. This could be attributed to the fermentation effect of yeast and increasing the 

level of CP in the diets. These findings are in agreement with those of Vlassa et al. (2022), who 

reported that utilization of yeasts (Saccharomyces cerevisiae) or Saccharomyces boulardii) 

effected a process of fermentation that decreased the level of ant-nutritive components and 

increased the protein content. Additionally, there was a significant (p<0.05) increase in the ash 

content from T1- the lowest at 88.8 gKg-1 DM and T4+, the highest at 109.2 gKg-1 DM. This may 

be attributed to the high ash content in Chicory and the effect of yeast fermentation. The results 

corroborate with findings from Poursakhi et al. (2020), who reported that ash in Chicory ranges 

from 100 to 130 gKg-1 DM. 

 

3.4.2 In-vitro gas production 

The in-vitro fermentation characteristics of the Rhodes grass hay, when supplemented with 

different levels of Chicory-mixed with yeast DM, varied widely among the diets. The lowest gas 

production recorded was from the basal diets Rhodes (T1-), a mixture of Rhodes grass and yeast 

(T1+), which had (17.74 ml/200 g, 30.48 ml/200 g) and (19.39 ml/200 g and 21.91 ml/200 g) 

respectively. There was a significant difference in gas production between the basal diets and the 

levels of supplementation. 

The potential values (a + b) and the rate (c) varied between 17.74 and 46.07 ml and 3.05 

and 6.02 /hr, respectively. The relationship between the rate of gas production (c) and the rate of 
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feed movement through the rumen is primarily responsible for explaining this phenomenon. On 

the other hand, the potential gas production (a + b) is linked to the potential degradability of the 

feed, as stated by Vandermeulen et al. (2018). This suggests that the elevated values observed for 

potential gas production in the Chicory treatments (T4+) and (T4-) could potentially be attributed 

to improved nutrient accessibility for rumen bacteria (Nwafor et al.,2017). The determined organic 

matter digestibility (OMD) exhibited a range of values from 21.45% to 34.78%. T2+ exhibited the 

highest percentage (34.78%), whereas Rhodes (T1) demonstrated the lowest percentage (21.66%). 

The results are higher than those reported by Niderkorn et al. (2019). The difference could be a 

result of geographical location and stage of harvesting. Additionally, the variation might have been 

caused by the fermentation effect of yeast. These findings demonstrate that adding Chicory and 

yeast to a diet will increase the amount of non-degradable rumen protein relative to rumen 

degradable protein, which will enhance the proper utilization of the nutrients and may translate to 

better animal performance. 

 

3.5. Conclusion 

The results from chemical analysis indicate that Rhodes grass hay supplemented with 30% 

Chicory and yeast has the highest crude protein content and superior ash profile. Also, from the in-

vitro degradability, Rhodes grass hay supplemented with 30% chicory mixed with yeast has the 

highest gas degradability, indicating that the Chicory and yeast combination is suitable for low-

quality forages. Additionally, NDF and ADF levels were lowered by supplementation due to yeast 

fermentation's activity. It is concluded from this study that Rhodes grass hay supplemented with 

30% Chicory and mixed with yeast has excellent potential as a feed for dairy goats.  
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CHAPTER FOUR 

THE EFFECT OF SUPPLEMENTING DIFFERENT LEVELS OF CHICORY AND 

YEAST TO GROWING DAIRY GOATS FED ON RHODES GRASS BASAL DIET ON 

THEIR VOLUNTARY FEED INTAKE AND WEIGHT GAIN 

Abstract 

This study explored the impact of supplementing Chicory and yeast in varying proportions to the 

diets of weaned dairy goats primarily fed a Rhodes grass basal diet. The study was conducted at 

Egerton University's Tatton Agricultural Park (TAP), Njoro. The feeds were formulated into eight 

diets and offered to 24 Saanen×Toggenburg crossbred weaned female dairy goats weighing 14±0.5 

Kg in a CRD with a (4x2) factorial arrangement. The diets were Rhodes grass hay and chicory 

supplementation at (T1:0, T2:10, T3:20, and T4:30%) as the main effects and yeast, with (+) and 

without yeast (-) as interaction levels. The findings suggest that including yeast and Chicory has a 

significant effect (p<0.05) on ADG and voluntary feed intake. Average daily gain (ADG) was 

notably higher in supplemented goats, with the highest observed in diets containing 30% Chicory 

and yeast (154.64 g/day). Non-supplemented diet Rhodes grass (T1-) recorded a negative ADG at 

-7.14g/day. Yeast addition to the basal diet (T1+) boosted the ADG to 28.21 g/day. However, there 

were variations in treatment T2+ (71.55 g/day) and T3+ (75.48g/day), which were not significantly 

different. The addition of yeast at this level might not have influenced the weight gain. The study 

recommends the incorporation of Chicory at a 30% inclusion level and yeast supplements at 10 

g/day/goat in growing goat diets for optimal feed utilization and robust growth, offering a 

promising avenue for sustainable and efficient goat farming practices. 
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4.1 Introduction 

Effective management of dairy goat nutrition is essential in the ever-changing realm of 

livestock production as it ensures the well-being of the animals and the development of high-

quality dairy products (Silva et al., 2022). In addition to having a higher concentration of medium-

chain fatty acids, goat milk is safer for individuals with lacto-albumin allergies. Despite these 

advantages, production of dairy goats is constrained by many challenges ranging from inadequate 

management, nutritional deficiencies, inferior genotypes, and a scarcity of quality replacement 

stock and breeding opportunities. In particular, the scarcity of high-quality fodder is a significant 

impediment to the expansion of the dairy goat industry. 

Rhodes grass (Chloris gayana) is regarded as an important ruminant basal feed because of 

its appealing taste and rich nutritional content (Van Soest, 1994). Rhodes grass, a commonly 

utilized primary feed in Kenya but is inadequate for optimal growth and development, and 

production due to its low protein content. In order to enhance its utilization by ruminants, it should 

be supplemented with protein sources such as herbaceous legumes, multipurpose trees, oil seed 

cakes, and Chicory. In recent years, Chicory has become a widely recognized substitute for 

legumes, and also increasingly popular because of its therapeutic, gastronomic, and nutritional 

attributes. The crude protein content of this forage is in excess of 19%, and therefore being 1.6-

2.4 times greater than that found in conventional cereal grains such as wheat, rice, corn, and barley 

(Vandeputte et al., 2017). Chicory also contains a high amount of phytochemicals, such as inulin, 

which is a type of soluble dietary fibre. Inulin acts as a prebiotic, enhancing animal nutrition by 

promoting good health. Inulin is associated with immune system activation, decreased levels of 

pathogenic microorganisms, alleviation of constipation, decreased susceptibility to osteoporosis, 

and reduced likelihood of developing atherosclerosis (Vandeputte et al., 2017). Chicory is 

cultivated in Kenya, specifically on fertile and well-drained soils ideal for cool temperature zones. 

The nutritional and therapeutic characteristics of this forage also enhances the reproductive 

capacity of goats. Yeast (Saccharomyces cerevisiae) is a probiotic substance which is extensively 

utilized in animal feeds to improve rumen fermentation, promote health, increase milk production, 

and aid in adapting to heat stress (Henderson et al., 2015). The yeast is cost-effective and can 

enhance animal productivity without incurring significant extra expenses. Yeast is also 

advantageous for dairy goat nutrition as it enhances their rumen fermentation parameters and 

improves their nutritional value (Chaucheyras-Durand & Durand, 2010). Yeast and Chicory 
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(Cichorium intybus) are two potential options that contain distinct bioactive compounds capable 

of influencing the delicate equilibrium between the ruminant digestive system and metabolic 

processes. Further research is needed to understand how probiotics like yeast and prebiotics like 

chicory-inulin affect animal health and performance. Therefore, the objective of this study was to 

determine the effect of supplementing different levels of Chicory with (+) and without (-) yeast to 

growing dairy goats fed on Rhodes grass basal diet on voluntary feed intake and weight gain. 

 

4.2 Materials and methods 

4.2.1 Study site 

The study was conducted at Egerton University's Tatton Agricultural Park (TAP), Njoro. 

The farm is situated in Kenya in Njoro Sub-County, Nakuru County in the Rift Valley of East 

Africa, on the eastern slopes of the Mau Escarpment. Its latitude and longitude are 0º 23'S, 

longitude 35º57'E, respectively and an altitude of 2,200 to 2,280 meters above sea level. The region 

experiences a bimodal rainfall pattern with long rains coming in March to May, and short rains in 

September to November. 

 

4.2.2 Experimental animals 

The experimental animals for this study consisted of twenty-four (24) crossbreed (Saanen 

and Toggenburg) weaned dairy goats with initial weights of 14±0.5 Kg and ages between 3-4 

months. Each goat's initial weight was determined by averaging it over three days.  

 

4.2.3 Experimental diets 

The basal diet comprised of Rhodes grass (Chloris gayana) hay, with chicory leaves and 

yeast serving as supplements. The hay was obtained from Njoro area. A tractor-driven forage 

shredder was used to shred the well-cured Rhodes grass hay into 2 cm size and then stored in 

gunny sacks. Chicory was grown at the Egerton University farm and harvested, then dried. It was 

then cut into 2 cm size using an electric power fodder chopper and kept in gunny bags. Two weeks 

before the start of the trial, the feeds were transported to the experimental site. The feeds were kept 

in a clean, dry store at room temperature with plenty of ventilation throughout the experiment. 

Each feed sample was hammer-milled to pass through a 1-2 mm screen before being placed in 

sampling bottles for later chemical analyses. The experimental diets consisted of (T1) as the 
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control comprising of Rhodes grass hay and basal plus chicory included at three levels T2 (10%), 

T3 (20%) and T4 (30%), and with all the four dietary treatments being with yeast (+) at a rate of 

10g/goat. Day and without (-) yeast (Table 3.2). The higher DMI figure recorded for goats was 

used to compute dry matter intake, which was 5% of the live weight of each goat. The supplement 

diets were fed at 10, 20, and 30% of the expected daily DM intake, whereas the base diet was 

provided ad libitum. The amount fed was modified at the start of each week to account for changes 

in body weight. It was fed to them before their ad libitum to the base diet to guarantee that the 

goats eat the entire supplement. 

Table 4. 1: Dietary treatments consisting of basal hay different levels of Chicory and with (+) and 

without (-) yeast 

 Basal Rhodes grass hay Chicory Yeast  

T1 (Control) 100% 0 - + 

T2 90% 10% - + 

T3 80% 20% - + 

T4 70% 30% - + 

 

4.2.4 Experimental design 

The experimental design was a completely randomized design (CRD) in a (4x2) factorial 

arrangement replicated thrice with eight dietary treatments.  The dietary treatments were as shown 

in Table 3.2 with four levels of Chicory at 0, 10, 20 and 30% with and without yeast. The animals 

were confined in individual, slatted-floor, well-ventilated pens. Every fortnight the experimental 

animals were drenched with 10% Albendazole (anti-helminthic) to prevent internal parasites, 

while the acaricide was used to control external parasites. Data collection was done for eight weeks 

after a 14-day adaptation period. The eight dietary treatments were allocated to the animals in a 

randomized manner. The animals were fed the experimental diets twice daily, in the morning at 

08:00 hr and in the afternoon at 14:00 hr. In the morning diet, supplements were prioritized in 

feeding, followed by the basal diet. In the afternoon diet (14:00 hr), the basal diet was offered to 

the experimental animals with respect to the 08 00 hr basal diet intake. Each animal’s basal and 

supplement diet intake was recorded daily. The refusals from the previous day's feed were 

collected, weighed, and recorded. At the end of every week, the weights of the experimental 

animals were taken before morning diets, and all weights were recorded.  
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4.2.5 Feed intake and weight gain 

Voluntary feed intake was determined by summing up the animal's voluntary intake with 

respect to the basal and supplemental diets, less refusal, all in DM. 

Total dry matter intake (TDMI) = DMI of the basal diet (g) + DMI of the supplemental 

diets (g). 

To establish the weight gain, the initial weight of each goat before the commencement of 

the feeding process was deducted from the weekly recordings of weights during the feeding 

experiment. 

Weekly weight gain (WG) = Weekly weight recorded (WWR) – Initial weight recorded 

(IWR). 

 

4.2.6 Statistical analysis 

The values of the measured parameters (DMI, ADG, crude fibre, minerals, IVOMD, ME) 

were determined by analysis of variance (ANOVA) using the general linear model (GLM) 

procedure of statistical analysis system (SAS, 2002). Significant differences in means were 

separated using the least significance difference (LSD) at (p< 0.05).  

Statistical model: - 

Yijk =µ + Ai +Bj + (BR) ij + еijk 

where: - 

Yijk = (Intake, and Weight gain) 

µ = overall population mean 

Ai  = effect of level of factor A (Main effects): Chicory levels, {i= 1, 2, 3 & 4} 

Bj = effect of level of factor B, (Yeast levels) j = {1, 2}  

(BR) ij = effect of interaction between Factor A and B. 

еijk = random error associated with Yijk 

 

4.3 Results 

4.3.1 Voluntary feed intake and average daily gain 

The experimental diets' values for dry matter intake (DMI), weight gain, and average daily 

gain are shown in Table 4.2. The dry matter intake (DMI) of the basal diet exhibited a significant 
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increase (p<0.05) as a result of supplementation and yeast addition. Diet T4+ had the highest intake 

of 591.70 g/day, whereas T1- (Rhodes grass) showed the lowest DMI at 359.21/day. The increased 

DMI with supplementation from 10-30% was due to the improved level of CP as a result of 

supplementation as well as the fermentation effect of yeast. 

In terms of weight change, there were significant (p<0.05) differences in average daily gain 

(ADG) across the treatments (Figure 4.3). Supplemented goats showed higher ADG compared to 

non-supplemented. Basal diets that were supplemented with the highest level of supplementation 

(30%) showed a higher ADG. These were Rhodes grass +30% chicory + yeast (T4+), Rhodes grass 

+30% chicory, without yeast (T4-), and Rhodes grass +20% chicory + yeast, which had ADG of 

154.64.8 g/d, 125.12.0 g/d and 110.83 g/d respectively. Non-supplemented diet Rhodes grass (T1-

) recorded a negative ADG at -7.14 g/day. Yeast addition to the basal diet (T1+) boosted the ADG 

to 28.21 g/day. However, there were variations in treatment T2+ and T3+, which were not 

significantly different. The addition of yeast at this level might not have influenced the weight 

gain. 
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Table 4. 2: Dry intake (DMI) and ADG of goats fed Rhodes grass hay, supplemented with different levels of Chicory and yeast 

  Dietary Treatments   

 T1 T2 T3 T4  

Parameter (-) (+) (-) (+) (-) (+) (-) (+) p-Value 

DMI (g/day) 359.21f 424.40e 451.20de 476.51dc 488.57dc 503.82bc 533.39b 591.70a <.0001 

INWT (Kg) 14.23a 14.07a 13.87a 13.73a 14.33a 14.13a 14.17a 14.13a 0.2262 

FWT (Kg) 14.03f 14.86ef 15.44de 15.74de 16.44dc 17.24bc 17.67ab 18.46a <.0001 

WTG (Kg) -0.20e 0.60de 0.63cd 1.48cd 1.77c 3.10b 3.63ab 4.17a <.0001 

ADG (g/day) -7.14e 28.21d 56.07dc 71.55c 75.48c 110.83b 125.12b 154.64a <.0001 

a, b, c, d, e,f means in the same row with different superscripts are significantly different at p<0.05),Chicory (C), Diet with yeast (+), diet 

without yeast (-); T1=(Rhodes grass), T1+(0%+ yeast), T2-(10%C), T2+(10%C+Yeast), T3-(20%C), T3+(20%C+Yeast), T4-(30%C), 

T4+(30%C+Yeast), DMI=   Dry matter intake, INWT=initial weight, FWT=final weight, WTG=weight  gain, ADG=average daily gain.
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4.4 Discussion 

4.4.1 Voluntary feed intake 

The present study showed that there was a significant increase in DM intake when weaned 

dairy goats were fed with Chicory and yeast. Goats whose primary diet consisted of only basal diet 

of Rhodes grass hay without yeast (T1-) recorded the lowest feed intake, 359.21 g/day, while T4+ 

goats recorded the maximum intake, 591.7 g/day. These results corroborate with the findings by 

Murney et al. (2019) that also reported a significant increase in DMI when housed goats were 

supplemented with yeast and Chicory. According to their findings, adding yeast to the diet 

stimulates rumen microorganisms, leading to enhanced fibre digestion and as a result greater feed 

DM intake. Elghandour et al. (2022) demonstrated that goat kids not given yeast supplementation 

exhibited a reduced average daily gain compared to those given 2.5 and 5 g/day of yeast. In 

addition, Salem et al. (2023) noted that incorporating a yeast culture with monensin (a common 

prebiotic and probiotic combination) into the diet of lambs resulted in enhanced body weight gain. 

The incorporation of probiotics into animal diets appeared to enhance the growth of lambs, 

resulting in increased live weight gain and improved feed conversion ratio (Soliman et al., 2016). 

The increased intake may have been due to the additional provision of rumen-degradable nitrogen 

supplied by the addition of Chicory. This enhances the activity of the bacteria in the rumen, thus 

enhancing the digestibility of organic matter and, consequently promoting higher feed dry matter 

intake (Soliman et al., 2016). The increased feed intake by the goats may be attributed to the 

palatability of Chicory in diets containing it, as opposed to diets lacking Chicory like in T1- in this 

study. This is in agreement with the findings by Perović et al. (2021) that also noted that Chicory 

has a diverse range of nutrients, such as fibre, vitamins, and minerals. Chicory's high nutritional 

content is likely to fulfil the nutritional needs of growing goats. Chicory's other nutritional 

beneficial components, like inulin, may positively impact on rumen microbial activity and gut 

health, which could enhance digestion and nutritive value of the diet Perović et al. (2021). Chicory 

contains both soluble and insoluble fibres, which are within the required levels of ruminants (291 

g Kg-1 DM). Sufficient dietary fibre promotes rumination and increased saliva flow and is crucial 

for preserving the well-being of the rumen and for optimal digestion in ruminant animals.  

The high NDF content (732 gKg-1DM) of Rhodes grass hay is a factor that led to decreased 

feed intake in the non-supplemented goats compared to the supplemented animals whose diets had 

low NDF levels. This is because the level of NDF in an animal ration typically affects their feed 
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consumption as it brings about a faster rumen fill. It also implies that the supplemental diets had a 

higher feeding value than Rhodes grass hay as the higher proportion of cell contents is a good 

index of the nutritional value of a feed. Additionally, Niderkorn et al. (2019) found that the 

digestibility of Chicory has a significant role in determining its effect on feed consumption. 

Enhanced nutrient absorption and increased animal performance can result from high digestibility 

and intake of a feed. Nwafor et al. (2017) opine that because of its relatively high digestibility, 

Chicory can enhance the efficient utilization of nutrients by developing goats, hence positively 

impacting their growth and development.  

The combination of Chicory and yeast may synergistically impact the amount of feed 

consumed by goats. From this study, non-supplemented goats recorded the lowest intake (359.21 

g/day) while supplemented ones, particularly in the diet with yeast addition (T2+, T3+, and T4+), 

improved intake at 476.51 g/day, 503.82 g/day and 591.70 respectively. These results are also in 

agreement with those of Saleem et al. (2017) that reported that probiotic supplementation has a 

beneficial impact on feed intake after weaning. This effect may be attributed to an increase in the 

quantity and proportion of cellulolytic bacteria in the rumen, as well as an improvement in ruminal 

pH. These improvements are likely to result in better fibre digestion and therefore enhanced feed 

intake. 

Similarly, Ogbuewu and Mbajiorgu (2022) found that the DM intake of Saanen goats 

increased when they were given 0.2 g/head. Day of Saccharomyces cerevisiae (CNCMI-1077) 

over 12 weeks. The enhanced digestive process may result in a higher feed consumption since 

goats can more nutrients from the combined chicory and yeast diet. The use of Chicory and yeast 

may also enhance nutrient absorption in goats. The process of yeast fermentation can increase the 

accessibility of nutrients in the rumen. At the same time, the nutritional composition of Chicory 

has the potential to contribute to a well-balanced diet. The improvement in DM intake has also 

been reported before (Khalid et al., 2011). In contrast, there has also been report of yeast culture 

not having any beneficial impact on the dry matter intake and live weight gain in finishing lambs 

(Kawas et al., 2007). 

 

4.4.2 Average daily gain 

The Average daily gains (ADG) of non-supplemented animals (-7.14 g/day) were 

consistent with findings by Kenana (2022), who noted that goats fed with basal Rhodes grass alone 
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recorded weight gain of -20 g/day. The ADG of supplemented goats was greater than that of non-

supplemented goats. The basal diets that received the highest supplementation of Chicory (30%) 

exhibited a greater average daily gain (ADG). Diet T4+ (Rhodes grass + 30% chicory + yeast) and 

T4- (Rhodes grass + 30% chicory no yeast) had ADGs of 154.64 g/day and 125.12 g/day, 

respectively. The enhanced growth relative to non-supplemented diets may have been caused by 

higher protein (CP) and energy levels from supplementation, which may have contributed to the 

higher ADG observed in supplemented diets. 

The basal diet without yeast T1- had a negative ADG (-7.14g/day) compared to one with 

yeast T1+, which recorded positive results (28.21 g/day). These results are consistent with the 

findings of Sawsan et al. (2012) that reported that the fibre-degrading properties of specific yeast 

isolates may increase the digestibility of fibre in Rhodes grass when yeast supplementation is used. 

This may result in enhanced utilization of nutrients by the goats. Furthermore, Conte et al. (2018) 

reported that growth performance was improved as noted from the higher final body weight and 

average daily gain. Moreover, according to Alugongo et al. (2017), yeast has been linked to 

enhanced immune activity in livestock. This may enhance the health and well-being and 

development of a growing goat as a whole. 

The current study found that enhanced nutrient intake can increase weight gain efficiency 

in growing goats as indicated by high DMI (591.70 g/day) resulting in high ADG (154.64 g/day). 

These results are also in agreement with those reported by Pradhan et al. (2018), that reported that 

supplementing sure goat kids with active dried yeast (S. cerevisiae CNCM I-1077) at a rate of 2% 

of dry matter intake resulted in enhancement of growth, feed conversion efficiency, and a reduction 

in feeding cost. The potential contribution of Chicory to gut health, combined with the excellent 

influence of yeast on digestion, may improve overall growth performance, as shown by the results 

in this study. The synergistic impact of Chicory and yeast on feed intake, nutrient digestibility, and 

gut health can enhance growth and overall performance in growing goats, is also supported by 

findings by Shurson (2018). Moreover, Attia et al. (2017) opine that yeast and Chicory may exert 

synergistic effects on the health of the digestive tract. Chicory's prebiotic characteristics and the 

yeast's probiotic impacts can synergistically establish a harmonious and salubrious microbial 

environment within the goat's gastrointestinal tract. This can lead to better nutrient utilization and 

stimulate development in growing goats. The potential efficacy of Chicory's ant-parasitic 
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properties may result in a diminished parasite burden within the gastrointestinal tract of goats, 

thereby providing additional support for their growth and general well-being. 

 

4.5 Conclusion 

The optimal concentration of Chicory for promoting the growth of dairy goats is 30% when 

supplemented with 10 g/goat/day of yeast. To achieve feed efficiency and strong development, 

farmers may add Chicory and yeast to the diets of growing goats to improve productivity. Further 

investigation is needed to explore the possible long-term effects and economic feasibility of adding 

Chicory and yeast to the diet of lactating dairy goats. 
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CHAPTER FIVE 

EVALUATION OF THE SYNERGISTIC EFFECT OF YEAST AND CHICORY-INULIN 

ON RUMEN FERMENTATION PARAMETERS AND ESTIMATION OF 

GREENHOUSE GASES 

Abstract 

Probiotics and prebiotics are feed additives that have been extensively utilized in animal nutrition 

for a considerable duration. However, only some studies have investigated their synergistic effects 

on rumen fermentation parameters and their role in minimizing methane emission. Therefore, this 

study examined the impact of combining chicory-inulin with yeast (Saccharomyces cerevisiae) on 

rumen fermentation parameters and methane emissions in weaned dairy goats. The feeds were 

formulated into eight diets and offered to 24 Saanen×Toggenburg crossbred weaned female dairy 

goats weighing 14±0.5 Kg in a Completely Randomized Design with a (4x2) factorial 

arrangement. The diets were Rhodes grass hay and chicory supplementation at four levels: 0, 10, 

20, 20, and 30% as the main effects and with (+) and without yeast (-) yeast as interaction levels. 

Portable pH and temperature meters (HANNA HI-8424 Portable pH/ORP Meter, Woonsocket, 

USA) were used to quickly measure the fluid's pH and temperature respectively in the rumen. 

Ammonia nitrogen (NH3-N) was analyzed with a Kjeltech Auto 1030 Analyser, and volatile fatty 

acids (VFAs) using a high-performance liquid chromatography method. The findings indicated 

that the inclusion of yeast and Chicory had a significant effect (p<0.05) on rumen pH, ammonia 

nitrogen concentrations, production of volatile fatty acids, and no significance in estimated 

methane emission (p=0.4582). The highest pH was recorded in T1- with 7.27. It was followed 

closely by T1+ with 6.73. T1+ recorded the highest methane (39.67 mmol/L), while T4- had the 

lowest (32.42 mmol/L). This study concludes that Chicory-inulin has prebiotic properties by 

maintaining pH levels and affecting amounts of ammonia nitrogen. The lack of a significant 

interaction effect between yeast and Chicory in methane emission implies that their combined 

influence may not significantly affect methane emissions in the current study's experimental 

settings. 
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5.1 Introduction 

The necessity to continually seek out and increase the pool of feeds and additives to 

increase ruminant production is crucial to meet the ever-escalating demand for animal products. 

However, increasing ruminant livestock production is faced with many constraints, among them, 

inadequate supply of feed resources that are necessary to supply adequate nutrients to the animals. 

This calls for the diversification of the available feed resources so as to meet the nutrient 

requirements of the animals and preserve the equilibrium between production and environmental 

sustainability. 

Chicory has long been utilized as cattle feed in numerous parts of the world (Mahmoud, 

2021). Due to its many beneficial medicinal, culinary, and nutritional properties, Chicory is rapidly 

gaining popularity, especially in Kenya. It is grown by farmers in most dairy farming areas. Also, 

chicory fodder has the same effect on animals as legumes and even more so than grass-based 

pastures. When added to basal pasture grasses during feeding, Chicory enhances milk production, 

as Mahmoud (2021) reported. According to Minneé (2017), the crude protein content of most 

chicory types is over 19% on a DM basis, which is 1.6-2.4 times greater than the value of most 

traditional grains like wheat, rice, corn, and barley; this indicates that Chicory is the best alternative 

source of protein. Lepczyński et al. (2021) found that chicory is abundant in inulin and other 

phytochemicals. Primarily found in temperate pastures and some plants like artichoke, chicory, 

and certain vegetables, inulin is frucstosan, a fructose polymer and an alternate storage 

carbohydrate to starch. Fresh chicory roots have many nutritional and physiological benefits, 

including a high concentration of inulin (68% DM base), a storage polysaccharide similar to starch, 

and potential richness in energy and protein. 

According to Roodposhti and Dabiri (2012), probiotics are live, helpful microbes that 

support rumen functions and keep the gut microbiome well-balanced. For instance, the probiotic 

yeast Saccharomyces cerevisiae has a beneficial effect on the microorganisms in the rumen, 

specifically by raising the overall population of bacteria, anaerobic fungi, and protozoa and by 

enhancing the functionality of the rumen itself (Ding et al., 2014). Since S. cerevisiae is relatively 

inexpensive compared to other feed supplements and additives, it can increase animal output at no 

extra expense (Shurson, 2018). Yeast has been added to animal feed to improve the diets of 

domestic animals. Saccharomyces cerevisiae supplies growth-promoting substances, such as 
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organic acids, B-complex vitamins, and amino acids, which support the growth of microorganisms 

in the rumen and, therefore, indirectly maintain a stable pH. 

In contrast to probiotics, prebiotics function differently as a source of nourishment for 

specific microorganisms, resulting in advantageous outcomes for the host animal (Ding et al., 

2014). Prebiotics exhibit resistance to gastric acidity, absorption, and hydrolysis by enzymes 

secreted in the gastrointestinal tract (Samal & Behura, 2015). The by-products of prebiotic 

fermentation by the microorganisms in the gut have the advantage of reducing the pH, thus 

inhibiting the growth of harmful bacteria in the gut (Gibson et al., 2010). Various prebiotics are 

utilized in cattle production, including fructo-oligosaccharides (FOS), galacto-oligosaccharides 

(GOS), mannan oligosaccharides (MOS), β-glucans, inulin, and lactulose (Patel & Goyal, 2012). 

Inulin is a complex carbohydrate composed of fructose molecules as the monomers linked together 

by a β 2, 1 glucosidic bond, with minor quantities of glucose present. Therefore, inulin is classified 

as a polysaccharide carbohydrate called fructosan (fructans). Chicory (Cichorium intybus L.) and 

Jerusalem artichoke (Helianthus tuberosus L.) are the primary sources of inulin (Masanetz et al., 

2010). Inulin undergoes minimal digestion and absorption in the small intestine and, therefore, 

ends up in the lower part of the gastrointestinal tract (hindgut), where bacteria rapidly ferment it 

to volatile fatty acids and gases. 

Lactobacillus bacteria, including Bifidobacterium, exert a favorable impact on gut 

metabolism. The consumption of inulin, therefore, provides nutrients to the cells in the intestines, 

reduces the acidity in the gut, and promotes the growth of the villi and micro-villi in the intestines, 

as well as an increase in the number of cells on each villus, which increases the absorptive area for 

nutrients (Xiao et al., 2016). Synbiotics are a combination of live microorganisms and specific 

substances consumed by the host microorganisms that positively affect the host's health. The 

concurrent use of a probiotic and a prebiotic can result in a mutually enhancing and advantageous 

outcome for the animal. The two feed supplements, when combined, can increase the 

gastrointestinal tract implantation rate and survival of a direct-fed microbial, as well as activate 

the metabolism of a small number of beneficial bacteria and encourage their growth. 

Furthermore, a significant issue encountered in the rearing of ruminants is the release of 

methane, which is strongly linked to enteric fermentation in the gastrointestinal and is affected by 

various types of microbes, especially the cellulolytic flora (Zhou et al., 2018). Methane is released 

due to enteric microbial fermentation of feed both in the foregut and hindgut in herbivores, 



47 

 

especially ruminant herbivores. Enteric fermentation is estimated to represent a loss of up to 12% 

of the feed's gross energy, which could have benefitted the host animal. The loss occurs because 

bacteria use organic acids, such as formic and acetic acids, to produce volatile fatty acids 

(Malmuthuge & Guan, 2016).  

Additionally, methane is one of the major greenhouse gases that contribute to climate 

change. In recent years, there has been a strong global interest in decreasing methane gas emissions 

in animal production through the use of feed additives that impact the microbiome composition in 

the ruminant digestive system (Patel & Goyal, 2012; Uyeno et al., 2015). Probiotics and prebiotics 

are feed additives that have been extensively utilized in animal nutrition for a considerable 

duration. However, only some studies have investigated their synergistic effects on rumen 

fermentation parameters and their role in minimizing methane emissions. Therefore, the objective 

of this study was to determine the synergistic effect of yeast and chicory-inulin on rumen 

fermentation parameters and methane emission estimation. 

 

5.2 Materials and methods 

5.2.1 Study site 

The study was conducted at Egerton University's Tatton Agricultural Park (TAP), Njoro. 

The farm is situated in Kenya, the Njoro Sub County in Nakuru County in the Great Rift Valley 

of East Africa, on the eastern slopes of the Mau Escarpment. Its coordinates are 0º 23'S latitude 

and 35º57'E longitude, and an elevation of 2,200 to 2,280 metres above sea level. The region 

experiences a bimodal rainfall pattern with long rains from March to May, occasionally extending 

to June, and brief short rains from September to November. 

 

5.2.2 Experimental animals 

The feeds were formulated into eight diets replicated three times and offered to 24 

Saanen×Toggenburg crossbred weaned female dairy goats weighing 14±0.5 Kg in a CRD with a 

(4x2) factorial arrangement. Each goat's initial weight was determined by averaging it over three 

days.  
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5.2.3 Experimental diets 

The basal diet comprised Rhodes grass (Chloris gayana) hay, with chicory leaves and yeast 

serving as supplements. The hay was sourced within the Njoro area and shredded into 2 cm size 

using a tractor-driven forage shredding machine. The shredded hay was subsequently kept in 

plastic gunny bags while awaiting the feeding trial. Chicory was grown at the Egerton University 

Tatton farm and harvested, then dried. It was then chopped into 2 cm size using an electric power 

forage chopper and kept in plastic gunny bags.  

Two weeks before the start of the feeding trial, the feeds were transported to the 

experimental site in readiness for the feeding trial. The feeds were kept in a clean, dry, and 

temperature-controlled store with adequate ventilation throughout the experiment. The basal diet 

(T1), which was also the control, consisted of Rhodes grass hay, while the other experimental diets 

were as follows: T2, T3, and T4 with different levels of Chicory (10, 20, and 30%) with (+) and 

without yeast (-) at a rate of 10 g/goat—day as shown in Table 1.1. The higher DM intake level 

recorded for goats was used to compute dry matter intake, which was 5% of the live weight of 

each goat. The supplement diets were fed at 10, 20, and 30% of the expected daily DM intake. 

In contrast, the basal Rhodes grass hay diet was provided ad libitum so that the 

unavailability of the basal forage did not restrict intake. The amount fed was adjusted at the start 

of each week to cater for changes in body weight. The supplement was provided to the animals as 

a priority before offering the basal diet ad libitum to guarantee that the goats eat the daily 

supplement. 

Table 1: The Dietary treatments for the study 

 Rhodes grass hay Chicory Yeast 

(Without)  

With Yeast 

10g/goat/day 

T1 100% 0 - + 

T2 90% 10% - + 

T3 80% 20% - + 

T4 70% 30% - + 

 

5.2.4 Experimental design 

The study used a completely randomized design (CRD) in a (4x2) factorial arrangement 

replicated thrice. Eight dietary treatments were used in the study's experiment, which was based 
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on the basal diet and different levels of chicory (10, 20 & 30%) and yeast supplements (Table 5.1). 

The animals were confined in individual slatted-floor pens that were well ventilated. Fortnightly, 

each experimental goat was drenched with 10% Albendazole (anti-helminthic) to prevent internal 

parasites, while external parasites were prevented using acaricides. Data collection was done for 

eight weeks after a 14-day adaptation period. The eight dietary treatments were allocated to the 

animals in a randomized manner. The supplements were offered to the animals twice daily, in the 

morning at 08:00 hr and the early afternoon at 14:00 hr, while the Rhodes grass hay basal diet was 

made availability to the animals ad libitum. 

 

5.2.5 Determination of the rumen fermentation parameters 

On the last data-gathering day, rumen fluid samples were collected using a vacuum pump 

at 0 and 4 hours following feeding. Each time, a stomach tube connected to a vacuum pump was 

utilized to extract roughly 50 mL of rumen fluid from the lower region of the organ's core. The pH 

and temperature of the fluid in the rumen were quickly assessed using portable pH and temperature 

meters (specifically, the HANNA HI-8424 Portable pH/ORP Meter from Woonsocket, USA). The 

subsequent action involved passing the rumen fluid samples through four layers of cheesecloth in 

order to remove any particles. Right after filtering, 45 mL of rumen fluid was moved to a plastic 

container with 5 mL of sulfuric acid solution to eradicate lingering bacteria and stop the 

fermentation process. The mixture was centrifuged at a speed of 16,000 x g for 15 minutes using 

a Table Top Centrifuge PLC-02. The resulting supernatant was stored in a cold storage facility at 

-20oC for future analyses. These analyses involved measuring ammonia nitrogen (NH3-N) with a 

Kjeltech Auto 1030 Analyzer and volatile fatty acids (VFAs) using a high-performance liquid 

chromatography (HPLC) method (Mathew & Kalyanasundaram, 2001). The HPLC setup included 

Controller Instruments, water model 600E, 484 UV detector, Novapak C18 column (4 mm 150 

mm), and a mobile phase of 10 mM H2. 

The equation utilized to predict ruminal methane (CH4) production using proportions of 

volatile fatty acids (VFA) was based on the work of Moss et al. (2000). It is expressed as follows: 

CH4 production=0.45 acetate + 0.275 propionate + 0.4 butyrate. 
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5.2.6 Statistical analysis 

The data collected on the various parameters was subjected to the analysis of variance 

(ANOVA) using the general linear model (GLM) procedure of the statistical analysis system (SAS, 

2002). Where significant differences were detected and means were separated using the least 

significance difference (LSD) at (p< 0.05). 

 

5.3 Results 

The results for the synergistic effects of yeast and inulin from Chicory are shown in Table 

5.2. The highest pH was recorded in T1- (Rhodes grass with no yeast) with 7.27. It was followed 

closely by T1+ (Rhodes grass +yeast) with 6.73. The other treatments recorded had similar trends 

and no significant difference. There was a significant difference (p<0.05) in the basal diet with 

yeast (T1-) compared to T1+. The ammonia nitrogen values significantly (p<0.05) differed across 

the treatments, and the highest was T1- with 85.36 mg/L, while T4+ recorded the lowest with 

56.07 mg/L. This study showed a decreasing trend with an increase in chicory level and yeast 

addition. 

A similar trend was witnessed with acetate production, and T1- had the highest acetate 

concentration at 58.37 mmol/L, while T4+ had the lowest at 41.46 mmol/L. There was a significant 

difference (p<0.05) across diets on yeast addition and increased levels of Chicory. However, the 

synergistic effects of the levels and yeast addition were insignificant (p=0.4219) on acetate 

concentrations. Similar trends were witnessed in propionate (p=0.1849), butyrate (p=0.0851), and 

methane (p=0.4582) gas production. Yeast and chicory levels exerted their effects significantly 

(p<0.05) across the treatments and affected all the rumen parameters. Acetate to propionate ratio 

was only significant (p<0.05) on chicory levels. T1+ recoded the highest CH4 (39.67 mmol/L) 

while T4- had the lowest (32.42 mmol/L). 

.



51 

 

Table 5. 1. The rumen fermentation parameters in the dairy goats fed on basal Rhodes grass hay supplemented with various levels of 

Chicory with and without yeast 

Parameter Dietary composition p-value  

T1 T2 T3 T4  Diet Yeast Diet*Yeast 

(-) (+) (-) (+) (-) (+) (-) (+) 

pH 7.27a 6.73b 6.52c 6.50c 6.44c 6.47c 6.58bc 6.50c <.0001 <.0001 <.0001 

NH3-N (mg/L) 85.36a 82.62ab 78.81bc 77.50c 75.24c 65.83d 62.98d 56.07e <.0001 <.0001 0.0008 

Acet (mmol/L) 58.37b 53.83a 47.67dc 51.16bc 43.66de 46.78d 35.66f 41.46e <.0001 <.0001 0.4219 

Prop (mmol/L) 53.83e 58.37d 51.18dc 54.27c 55.01c 60.58b 63.22ab 65.92a <.0001 <.0001 0.1849 

Buty (mmol/L) 38.60e 44.72d 49.51dc 51.87bc 55.99ab 58.29a 60.78a 61.00a <.0001 0.0022 0.0851 

Acet:Prop 1.32a 1.23a 0.93bc 0.94b 0.79bc 0.77dc 0.56e 0.63dc <.0001 0.6654 0.1458 

CH4 36.0b 39.67a 35.79bc 37.94ab 36.07b 37.39ab 32.42c 34.75bc 0.0001 0.0003 0.4582 

a, b, c, d, e ,fmeans in the same row with different superscripts are significantly different at p<0.05) NH3-N= Ammonia nitrogen, Acet= 

Acetate, Prop=Propionate, Buty= Butyrate, Acet:Prop = Acetate : Propionate ratio, CH4= Methane gas, with yeast (+), without yeast (-

); T1-(Rhodes grass), T1+( Rhodes grass + yeast), T2-(10%Chicory), T2+(10%Chicory+Yeast), T3-(20%Chicory), 

T3+(20%Chicory+Yeast), T4-(30%Chicory), T4+(30%Chicory+Yeast) 
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5.4 Discussion 

The efficient breakdown and absorption of feed by a ruminant animal depend 

significantly on the rumen microbiome, which profoundly affects its nutritional well-being. 

The microorganisms in the rumen of ruminants play a crucial role in fermenting more than 

70% of the energy substrates that the animal consumes and absorbs (Xu et al., 2021). Grass-

fed ruminants typically maintain a pH range of 6 to 7, creating an ideal internal environment 

for anaerobic microbes to thrive and carry out fermentative processes (Zeitz et al., 2016). This 

research observed that the pH levels across all dietary treatments remained within the optimal 

range of 6-7, except for the basal diet, which had a slightly higher pH of 7.27. These results 

support the findings of Jonova et al. (2021), who demonstrated that yeast increases sugar 

availability by stimulating the growth of lactate-utilizing bacteria (Megasphaera elsdenii) while 

also competing with the lactate-producing bacteria (Streptococcus bovis) for the available 

sugar. 

This study found that incorporating Chicory had a significant effect in stabilizing pH. 

These findings are consistent with the research of Liu et al. (2012), who observed that Chicory 

influences fermentation patterns and microbial populations, which may act together with yeast 

to control rumen pH. Prebiotics such as Chicory have improved rumen fermentation 

metabolism and gastrointestinal tract health. The addition of Chicory in this study significantly 

aided in stabilizing pH levels, which may be attributed to the prebiotic qualities of Chicory's 

inulin. These results align with previous findings that demonstrated an increase in 

Bifidobacterium count and acetic acid levels, as well as a decrease in intestinal pH, following 

the addition of prebiotic inulin to pig feed (Tzortzis et al., 2005). Similarly, another study 

reported a reduction in intestinal acidity in turkeys after being administered a 2% concentration 

of fructo-oligosaccharides (FOS) for eight weeks. 

Based on research by Tripathi and Karim (2011), microbes can utilize ammonia 

nitrogen more effectively for growth in the presence of yeast. This is attributed to yeast's ability 

to enhance protein synthesis. Similarly, according to Mangwe (2020), Chicory's secondary 

metabolites, such as tannins, have the potential to impact rumen protein breakdown, thereby 

reducing ammonia levels positively. This combination can improve dietary nitrogen utilization 

and increase feed efficiency. The study revealed that supplementing animals' feed with yeast 

and increasing chicory levels significantly reduced NH3-N levels. 

Studies have indicated that Chicory can regulate the nitrogen metabolism in the rumen 

(Wang et al., 2021). Additionally, research conducted by Ganai et al. (2015) and Amin and 

Mao (2021) revealed that yeast can enhance protein utilization and reduce the accumulation of 
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ammonia in the rumen. The combination of yeast and Chicory can have a collaborative effect 

in enhancing nitrogen utilization in the rumen, leading to a decrease in NH3-N concentration. 

The supplementation of Chicory may have increased the availability of microbial protein to the 

dairy goats in the study by providing more fermentable organic matter (FOM), which is crucial 

for the growth of rumen microbes. 

The variations in acetate, propionate, and butyrate levels across different diets illustrate 

the impact of yeast and Chicory on the fermentation processes in the rumen. The higher 

concentration of acetate in T1 suggests that including yeast may enhance the breakdown of 

fiber and increase acetate production (Guedes et al., 2008). The negative relationship between 

acetate levels and chicory levels is not unexpected, as the carbohydrate-rich supplement may 

have provided easily fermentable sugars, resulting in greater propionate production at the 

expense of acetate. Specifically, Chicory is known for its high fructosan (inulin) content, a 

storage polysaccharide that, much like starch, is readily fermentable in the rumen (Umucalilar 

et al., 2010). Moreover, a study by Liu et al. (2012) revealed that supplementing the diet of 

finishing beef steers with inulin improved their growth performance. This enhancement was 

likely due to changes in the fermentation pattern, particularly increased propionate production 

or the growth of beneficial bacteria in the rumen, which the dietary composition may influence. 

The notable fluctuation in the acetate-to-propionate (A: P) ratio suggests that changes 

in the diet could be influencing alterations in the rumen fermentation pathways. The decrease 

in the A:P ratio seen with higher Chicory levels and yeast may be due to increased propionate 

levels at the acetate cost, indicating a potential shift towards more favorable fermentation and 

enhanced utilization of basic food. The disparities in methane production among the different 

treatments illustrate the influence of yeast and Chicory on rumen methanogenesis. According 

to Janssen (2010), yeast can alter microbial populations and suppress methanogenesis, reducing 

methane emissions. Despite this, the lack of significant interaction between Chicory and yeast 

suggests that their combined effect may not substantially impact methane synthesis under this 

study's specific experimental conditions. Though yeast and Chicory had noticeable effects on 

several rumen parameters, their combined influence appears to be additive rather than 

interactive. This finding underscores the importance of considering the effects of various 

ingredients when formulating diets for ruminant animals.  

 

5.5 Conclusion 

The results showed that yeast and Chicory levels significantly affected several 

parameters, including pH, ammonia nitrogen, acetate, propionate, butyrate, acetate to 
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propionate ratio, and methane emissions. Yeast positively influenced pH, microbial protein 

production, and nitrogen utilization, while Chicory helped to stabilize pH and influenced the 

fermentation process. The research did not show a significant synergistic impact on methane 

emissions. However, adding yeast did reduce methane emissions. The combined effects of 

yeast and Chicory were additive rather than interactive, as anticipated, especially regarding 

methane emission. These findings underscore the importance of assessing dietary supplements' 

individual and combined influences on the rumen ecosystem and fermentation mechanisms. 

The collective impacts of yeast and Chicory on stabilizing pH, enhancing microbial protein 

synthesis, optimizing nitrogen utilization, and influencing fermentation patterns offer valuable 

insights for enhancing ruminant nutrition, potentially resulting in improved animal health, 

productivity, and environmental sustainability. 
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CHAPTER SIX 

GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

6.1 General discussion 

The study's outcomes revealed that Chicory exhibited the highest crude protein (CP) 

content at 220.6 gKg-1 DM, aligning with the findings of Laws and Genever (2016). The 

combination of Chicory with Rhodes grass showcased an additive effect on crude protein 

levels, indicating its potential as a valuable protein source for dairy goats. Rhodes grass, with 

a CP content of 99 gKg-1 DM, demonstrated a slight increase compared to Ngunjiri (2020) 

reported value of 80 gKg-1 DM, attributed to variations in harvesting stages and geographical 

locations. 

In the fibre analysis, Rhodes grass hay displayed the highest neutral detergent fibre 

(NDF) content at 732 gKg-1 DM, while Chicory exhibited the lowest NDF content at 291 gKg-

1 DM. The variation in NDF levels is consistent with Ngunjiri (2020) findings, indicating that 

forage maturity increases cell wall content, consequently elevating NDF levels and reducing 

digestibility. Tanniniferous extractable tannins (TET) significantly decreased across T- to T4+, 

potentially due to yeast fermentation and increased CP levels, supporting the observations of 

Vlassa et al. (2022). 

The in-vitro fermentation characteristics of Rhodes grass hay, supplemented with 

Chicory and yeast DM, demonstrated significant differences in gas production. Basal diets and 

Chicory with yeast combinations exhibited distinct gas production levels, implying increased 

undegradable rumen protein and improved nutrient utilization. The significant increase in dry 

matter intake (DMI) among goats fed with Chicory and yeast aligns with Murney et al. (2019) 

findings, attributing it to enhanced fibre digestion stimulated by yeast, corroborated by 

Elghandour et al. (2022). 

The study revealed significant positive effects of yeast and Chicory supplementation 

on the growth performance and overall well-being of weaned dairy goats. The basal diet 

without yeast (T1-) exhibited a negative average daily gain (ADG) of -7.14g/day, while the 

addition of yeast (T1+) showed positive results with an ADG of 28.21 g/day. These findings 

align with Sawsan et al. (2012), who reported that specific yeast isolates with fibre-degrading 

properties could enhance fibre digestibility in forages like Rhodes grass, improving nutrient 

utilization by goats. Conte et al. (2018) further supported these results, demonstrating improved 

growth performance, higher final body weight, and increased average daily gain in response to 

yeast supplementation. 
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The study emphasized the role of enhanced nutrient intake in increasing weight gain 

efficiency in growing goats, evidenced by a high dry matter intake (DMI) of 591.70 g/day and 

a resulting high ADG of 154.64 g/day. Pradhan et al. (2018) corroborated these findings by 

reporting that supplementing goat kids with active dried yeast (S. cerevisiae CNCM I-1077) at 

a rate of 2% of dry matter intake led to enhanced growth, improved feed conversion efficiency, 

and reduced feeding costs. The study highlighted the potential contribution of Chicory to gut 

health, coupled with the positive influence of yeast on digestion, as factors contributing to 

overall growth performance. Attia et al. (2017) and Shurson (2018) supported these 

observations, suggesting synergistic effects of Chicory and yeast on feed intake, nutrient 

digestibility, and gut health. The prebiotic characteristics of Chicory and the probiotic impacts 

of yeast were proposed to establish a harmonious and salubrious microbial environment within 

the goat's gastrointestinal tract, leading to better nutrient utilization and stimulated 

development in growing goats. 

The study emphasized the pivotal role of the rumen microbiome in influencing nutrient 

status. Rumen pH, crucial for fermentative activity, remained within the optimal range (6-7), 

except for the basal diet, which had a slightly higher pH of 7.27. This aligns with Jonova et al. 

(2021) findings, suggesting that yeast promotes lactate-utilizing bacteria growth, reducing 

lactate accumulation and stabilizing rumen pH. These findings are consistent with previous 

studies by Tzortzis et al. (2005) that found an increase in Bifidobacterium count and acetic acid 

levels, and a decrease in intestinal pH, following the addition of prebiotic inulin to pig feed. 

Additionally, including 2% fructo-oligosaccharides (FOS) to turkeys for eight weeks reduced 

intestinal acidity.  

Yeast supplementation positively influenced microbial protein synthesis, as observed 

by decreased rumen ammonia nitrogen (NH3-N) levels. With secondary metabolites like 

tannins, Chicory potentially impacted protein breakdown, complementing yeast's effects. The 

combined influence of yeast and Chicory appeared to synergistically regulate nitrogen 

metabolism synergistically, supporting Samanta et al. (2013) and Wang et al. (2021) findings. 

The acetate, propionate, and butyrate fermentation patterns were influenced by yeast 

and Chicory, leading to changes in rumen fermentation pathways. Elevated acetate 

concentration in T1- suggested improved fibre breakdown, while the inverse correlation 

between acetate and Chicory levels hinted at increased propionate production from Chicory's 

fermentable sugars. The acetate-to-propionate (A: P) ratio variations indicated potential shifts 

in fermentation pathways, potentially enhancing energy use and microbial protein synthesis, in 

line with Dias et al.(2018) observations. 
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Notably, yeast significantly reduced methane emissions, which is consistent with 

previous studies by Janssen (2010) and Gong et al. (2013). However, the interactive effect of 

yeast and Chicory on methane generation was not significant in this study, emphasizing the 

need to consider various components in diet formulation for ruminant animals. Concisely, the 

study provides comprehensive insights into the impact of Chicory and yeast supplementation 

on weaned dairy goats' nutritional and physiological aspects. Chicory emerges as a promising 

protein source, and the additive effects with yeast offer potential benefits for nutrient 

accessibility, improved fermentation, and reduced methane emissions. These findings 

contribute to formulating diets that enhance protein content, improve nutrient utilization, and 

promote optimal rumen conditions, aligning with sustainable and efficient livestock 

management practices. 

 

6.2 Conclusions 

i. Rhodes grass hay supplemented with 30% Chicory and yeast has the highest crude protein 

content, superior ash profile and highest gas degradability. 

ii. The optimal concentration of Chicory for promoting the growth of dairy goats is 30% when 

supplemented with 10g/goat/day of yeast. 

iii. The results showed that yeast and Chicory levels significantly affected several parameters, 

including pH, ammonia nitrogen, acetate, propionate, butyrate, acetate to propionate ratio, and 

methane emissions. There were no significant synergistic impact on methane emissions. 

However, adding yeast reduced methane emissions. 

 

6.3 Recommendations 

i. Rhodes grass hay supplemented with 30% Chicory has excellent potential as a feed and should 

be utilized in dairy goat’s production. 

ii. Chicory at 30% inclusion level and yeast at 10g/goat per day should be used for low-quality 

forages to enhance growth performance. 

iii. Yeast and Chicory levels significantly affected several rumen parameters. Therefore, they 

should be included in the animal diet particularly those subsisting on low quality forage 

 

6.4 Areas for further research 

i. Further investigation is needed to explore the possible long-term effects and economic 

feasibility of adding Chicory and yeast to the diet of lactating dairy goats. 
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ii. More studies on the impact on milk quality (fat, protein, lactose) and quantity in dairy goats 

consuming the chicory and yeast mixture. 

iii. Studies to assess the economic feasibility of incorporating chicory and yeast into the diet, 

taking into account the cost of these ingredients versus potential benefits should be carried out. 
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Appendix D. Research Pictorials 

 

Plate 1: Chicory in the farm in the wet (a) and dry (b) season 

 

 

 

 

Plate 2: Goats feeding on diets  

  

a 
b 
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Plate 3: Provision of feed and water to the goats  
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Appendix E. ANOVA Tables 

 

 

 

 

Number of Observations 

Read 

2

4 

Number of Observations 

Used 

2

4 

Source 

D

F 

Sum of 

Squares 

Mean 

Square 

F 

Value 

Pr > 

F 

Model 7 0.870315

00 

0.12433071 9.11 0.000

1 

Error 16 0.218266

00 

0.01364163   

Corrected 

Total 

23 1.088581

00 

   

 

 

R-

Square 

Coeff 

Var 

Root 

MSE 

DM Mea

n 

0.799495 0.122290 0.116797 95.50850 

 

 

Class Level Information 

Class Levels Values 

Levels 4 T1 T2 T3 T4 

Yeast 2 Negative 

Positive 



 

Source 

D

F Type I SS 

Mean 

Square 

F 

Value 

Pr > 

F 

Levels 3 0.704443

50 

0.23481450 17.21 <.000

1 

Yeast 1 0.101400

00 

0.10140000 7.43 0.014

9 

Levels*Yeast 3 0.064471

50 

0.02149050 1.58 0.234

3 

 

 

Source 

D

F 

Type III 

SS 

Mean 

Square 

F 

Value 

Pr > 

F 

Levels 3 0.7044435

0 

0.23481450 17.21 <.000

1 

Yeast 1 0.1014000

0 

0.10140000 7.43 0.014

9 

Levels*Yeast 3 0.0644715

0 

0.02149050 1.58 0.234

3 

Source 

D

F 

Sum of 

Squares 

Mean 

Square 

F 

Value 

Pr > 

F 

Model 7 341.91926

56 

48.8456094 533.35 <.000

1 

Error 16 1.4653263 0.0915829   

Corrected 

Total 

23 343.38459

19 

   

 

 

R-

Square 

Coeff 

Var 

Root 

MSE 

CP Mea

n 

0.995733 1.985725 0.302627 15.24011 

 

 



The SAS System 

 

The GLM Procedure 

 

Dependent Variable: CP 

 

 

80 

Source DF Type I SS 

Mean 

Square F Value Pr > F 

Levels 3 338.6209342 112.8736447 1232.48 <.0001 

Yeast 1 1.8888568 1.8888568 20.62 0.0003 

Levels*Yeast 3 1.4094746 0.4698249 5.13 0.0112 

 

 

Source DF Type III SS 

Mean 

Square F Value Pr > F 

Levels 3 338.6209342 112.8736447 1232.48 <.0001 

Yeast 1 1.8888568 1.8888568 20.62 0.0003 

Levels*Yeast 3 1.4094746 0.4698249 5.13 0.0112 

Source 

D

F 

Sum of 

Squares Mean Square F Value Pr > F 

Model 7 330.6664450 47.2380636 29.74 <.0001 

Error 16 25.4142419 1.5883901   

Corrected 

Total 

23 356.0806869    

 

 

R-

Square 

Coeff 

Var 

Root 

MSE 

OMD Mea

n 

0.928628 4.570406 1.260313 27.57553 

 

 



The SAS System 

 

The GLM Procedure 

 

Dependent Variable: OMD 
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Source DF Type I SS 

Mean 

Square 

F 

Value Pr > F 

Levels 3 308.9473110 102.9824370 64.83 <.0001 

Yeast 1 12.7262934 12.7262934 8.01 0.0121 

Levels*Yeast 3 8.9928406 2.9976135 1.89 0.1725 

 

 

Source DF Type III SS 

Mean 

Square 

F 

Value Pr > F 

Levels 3 308.9473110 102.9824370 64.83 <.0001 

Yeast 1 12.7262934 12.7262934 8.01 0.0121 

Levels*Yeast 3 8.9928406 2.9976135 1.89 0.1725 

Not

e: 

This test controls the Type I experimentwise error rate, but it generally has a higher Type II error 

rate than REGWQ. 

 

 

Alpha 0.05 

Error Degrees of Freedom 16 

Error Mean Square 0.013642 

Critical Value of Studentized 

Range 

4.04606 

Minimum Significant Difference 0.1929 

 

 



The SAS System 

 

The GLM Procedure 

 

Tukey's Studentized Range (HSD) Test for DM 
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Means with the same letter are not 

significantly different. 

Tukey Grouping Mean N 

Level

s 

A 95.71925 6 T2 

A 95.61875 6 T1 

B 95.41625 6 T3 

B 95.27975 6 T4 

Not

e: 

This test controls the Type I experimentwise error rate, but it generally has a higher Type II error 

rate than REGWQ. 

 

 

Alpha 0.05 

Error Degrees of Freedom 16 

Error Mean Square 1.58839 

Critical Value of Studentized 

Range 

4.04606 

Minimum Significant Difference 2.0818 

 

 

Means with the same letter are not 

significantly different. 

Tukey Grouping Mean N Levels 

 A 30.9918 6 T2 

B A 29.3464 6 T3 

B  28.3900 6 T4 

 C 21.5738 6 T1 
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Not

e: 

This test controls the Type I experimentwise error rate, but it generally has a higher Type II error 

rate than REGWQ. 

 

 

Alpha 0.05 

Error Degrees of Freedom 16 

Error Mean Square 0.013642 

Critical Value of Studentized 

Range 

2.99786 

Minimum Significant Difference 0.1011 

 

 

Means with the same letter are not significantly different. 

Tukey Grouping Mean N Yeast 

A 95.57350 12 Positive 

B 95.44350 12 Negative 

 


