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Abstract 

Dairy production in East Africa is dominated by the smallholder production system, characterized by 

suboptimal milk production attributed to poor nutrition. Grain-based concentrates can be used to 

cover the energy and protein deficits arising from forage feeding in rain-fed systems, but this 

strategy is constrained by grain competition with human and monogastric animals such as 

poultry, making these feeds very expensive. Sweet potato can serve both as a source of human 

food (tuber) and animal feed (vines). The objectives of this study were; 1) to determine the effect 

of harvesting regime on DM yield and nutrient content of sweet potato variety SPK 013, Kenspot 

1 and SPK 117, 2) to determine the effect of amount of molasses and storage period on silage 

quality of sweet potato vines from the three sweet potato varieties, 3) to assess effect of 

supplementing lactating dairy cows on Napier grass basal diet with sweet potato vine silage on dry 

matter intake, milk production, milk composition, 4) assessing the economic benefit of feeding 

sweet potato vines silage as an alternative protein supplement.  

The biomass yield of three new orange-fleshed dual-purpose sweet potato varieties were assessed 

under different harvesting regimes. The three varieties were chosen because they were newly 

introduced into the market as dual-purpose varieties. The vines were harvested either at 

intermediate stage (75 days) and again at final stage (150 days) (INT) or at final stage only (150 

days) (FIN). Of the three varieties tested, Cultivar SPK013 yielded the most vine in both 

treatments (7.3 and 5.6 t DM/ha for INT (75 and150 days) and FIN respectively) and tuber at FIN 

(2 t DM/ha), but lowest tuber yield at INT (0.8 t DM/ha. The intermediate harvesting increased 

vine yield for all varieties (3.6 vs 2.3, 7.3 vs 5.6 and 5.0 vs 4.2 for INT vs FIN for variety Kenspot1, 

SPK013 and SOK117 respectively). For cultivar SPK013, intermediate harvesting resulted in a 

58% decline in tuber yield (2.0 t DM/ha to 0.8t DM/ha) (p<0.05).  
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Vines from the three varieties were mixed with three amounts of molasses (0, 20 and 40g of 

molasses/ Kg of vines), and ensiled for 7, 14, 21, 28 and 56 days. The pH and CP content of the 

silage were monitored. The pH of 0% molasses amount was the highest (4.56) but had the lowest 

CP (16.25%). Ensilage period significantly affected the quality of silage with CP decreasing from 

19.54 to 15.62% at 56d of storage. From the study, molasses amount of 20g per Kg of vines was 

recommended for both short term and long-term storage. 

The efficacy of sweet potato vine silage plus wheat bran (SPVSWB) as a low-cost supplement 

compared to grain-based commercial dairy concentrate (CDC) was assessed. Multiparous 

Holstein–Friesian cattle (n = 12) were fed on a basal diet of Napier grass (Pennisetum purpureum 

cv. South Africa) ad libitum, plus a fixed amount of either SPVSWB or CDC, (the ration 

formulated to be both iso-nitrogenous and iso-caloric) during late (LL) and early (EL) lactation. 

Daily milk yield was not significantly different (p>0.05) between SPVSWB and CDC groups 

during both LL (6.2 vs 7.5 L/day) and EL (14.2 vs 16.0 L/day). However, the lower cost of 

production for SPVSWB (23.2 vs 48.7 KES/Kg DM) resulted in margins on milk income over 

feed (per cow per day) being greater for SPVSWB in both periods (LL: 71 vs 14.5; and EL: 426 

vs 400 KES/day). Despite SPVSWB eliciting lower milk production (LL 6.2 and EL14.2 L/day) 

than CDC (LL7.5 and EL 16.0 L/day), SPVSWB is a cost-effective, accessible alternative to 

grain-based supplementation in small-holder dairy-farming systems of Kenya. The study 

recommended 2% inclusion of molasses when making sweet potato vine silage. The silage can be 

fed in combination with other by-products, for moderate milk production which will result to a 

lower cost of supplementation compared conventional grain-based supplementation.  
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1.0 INTRODUCTION 

1.1 General introduction 

In the continents of Africa and Asia, more than 1 billion people depend on dairy production for 

their livelihoods (McDermott et al. 2010). The dairy sector might play an even bigger role in future 

where it is estimated to increase by 25% by year 2025, due to increased demand for livestock and 

livestock products, owing to population growth, urbanization and improved economic power 

(Muia et al. 2011b). This will offer increased market for dairy products from smallholder 

systems. 

In Kenya, dairy farming is mainly practiced by small-scale farmers with unique farming systems 

where they own over 80% of the dairy cattle, contributing to over 56% of total milk production 

(Odero-Waitituh, 2017). These small-scale farmers practice mixed farming where they grow 

temporary and/or permanent cash and food crops as well as raising of livestock (Njarui et al. 

2016a). In high potential areas, the main food crops in the smallholder farms are maize, beans, 

sweet potatoes, Irish potatoes and vegetables, while in the highland, cash crops such as coffee, tea 

and horticultural crops are also grown (Njarui et al. 2016a). 

The type and number of cattle kept depend on the feed availability. In most cases, smallholder dairy 

farmers in developing countries own 1-10 lactating cows (VanLeeuwen et al. 2012) and are 

concentrated in high-potential agriculture areas. The animals are confined in zero grazing units and 

are fed using the cut and carry system (Wambugu et al. 2011a) where fodder is harvested from 

small plots or contour strips meant for soil erosion control. This is due to high rate of population 

growth leading to less land available for grazing and pasture production (Wambugu et al. 2011a). 
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The average milk production per cow in small scale dairy farms is low (2.8-10.5 l/ d), this being 

attributed to shortage of suitable feed resources (Richards et al. 2015). Due to seasonality of rainfall 

and dependence on rain fed fodder, the farmers are not able to provide adequate feed all year round 

(Giridhar and Samireddypalle 2015). This has led to animals being offered low quality pastures 

and crop residues (Klapwijk et al. 2014), which cannot sustain optimal milk production. 

Supplementation with better quality ingredients is often not possible due to high prices of cereal- 

based concentrates (Linn and Kuehn 1997), which in most cases are of substandard quality 

(Richards et al. 2016). This leads to high cost of production and low productivity in dairy farming 

(Mburu et al. 2007). It is for this reason that there is need for dairy farmers to consider alternative 

feeds, which are cheaper and rich in nutrients. 

One of such alternative feed is sweet potato (SP) vines, which has demonstrated potential as 

livestock feed, having relatively high protein content of up to 21.2% and low fibre of 43.9% (Ali 

et al. 2016). The production potential of most of SP varieties is high ranging from 3 - 4 tonnes 

Dm/ha of tubers and 4.3 - 6 tonnes Dm/ ha of vines, with some of the high yielding varieties 

harvested up to three times per year yielding up to 125t/ha fresh vines (Khalid et al., 2013). 

However, as a source of ruminant feed, sweet potato vines (SPV) are only available during 

harvest and have high moisture content of up to 86.7% (Lam 2016) and thus high perishability. 

This is further exacerbated by the fact that times of SPV availability may not necessarily be at the 

time when there is scarcity of animal feeds (Lukuyu et al. 2012b), which leads to a wastage of 

this nutritious feed resource. This calls for preservation of the vines when they are in plenty to 

ensure constant supply of this feed resource throughout the year. 
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1.2 Statement of the problem 

There has been tremendous increase in demand for milk and milk products over the years. 

However, the amount of milk produced is not able to meet this demand due to low milk production 

from the smallholder farmers, who contributes over 56% of the milk consumed in Sub–Saharan 

Africa. The low milk production levels are caused by two factors, these being; low quality tropical 

forages and high cost of supplements leading to high cost of feeding. This problem is exacerbated 

by low milk prices, making dairy farming a low profit venture. 

Therefore, there is need for dairy farmers to come up with alternative feeding strategies to reduce 

the cost of production to survive in the dairying business. These feeding strategies should involve 

inclusion of feed resources that are readily and cheaply available. One such feed resources is sweet 

potato vines, which is high in protein content and therefore can be used to feed livestock and is a 

commonly cultivated crop in the developing countries. However, the crop is highly perishable due 

to its high moisture content and its availability does not coincide with time of need thus 

necessitating the need to conserve it through ensiling to guarantee supply throughout the year. 

Furthermore, the effect on production and cost effectiveness of supplementing cows with sweet 

potato silage has not been thoroughly explored. This study will contribute to information on 

suitability of sweet potato vines silage as a potential cheaper protein source to lactating dairy 

cows, as compared to commercial concentrates. 
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1.3 Objectives 

Main objective 

To evaluate the effect of inclusion of sweet potato vines silage in lactating dairy cow diets on 

performance. 

Specific objectives: 

 

1. To determine the effect of harvesting regime on biomass yield and quality of sweet 

potato vines and effect on DM yield of tubers of varieties SPK 013, Kenspot 1 and 

SPK 117. 

2. To determine the effect of amount of molasses and ensilage period on the sweet potato 

vines silage quality for varieties SPK 013, Kenspot 1 and SPK 117. 

3. To assess effect of supplementing lactating dairy cows with sweet potato vine silage on 

dry matter intake, milk production and milk composition. 

4. To assess the economic benefit of feeding sweet potato vines silage as an alternative 

protein supplement to grain-based concentrates in lactating dairy cows. 

Null Hypothesis 

1. Harvesting regime has no significant effect on biomass yield and quality of sweet 

potato vines and DM yield of tubers of varieties SPK 013, Kenspot 1 and SPK 117. 

2. amount of molasses and storage period have no significant effect on sweet potato vine 

silage quality for varieties SPK 013, Kenspot 1 and SPK 117. 

3. Supplementing lactating dairy cows with sweet potato vine silage has no significant 

effect on dry matter intake, milk production and milk composition 

4. Supplementing lactating dairy cows with sweet potato vine silage as an alternative 

protein supplement has no economic benefit 
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1.4  Justification 

 

In the recent past, sweet potato vines (SPVs) have gained popularity as protein supplement for 

ruminants in sub–Saharan Africa (SSA) due to their higher protein content compared to other 

common fodder crops. Their high nutritive value has led them being categorized as protein-rich 

forages. The Productive potential of sweet potato varieties range from 3 to 4-tonne DM/ha of root 

and the foliage production varies from 4.3 to 6.0-ton DM/ha/ crop. They can be harvested three or 

four times per growing season and can be preserved through ensiling. 

There is low use of grain-based concentrates by the smallholder dairy farmers due to their 

unreliable quality and high cost (Tolera et al. 2000) leading to low milk production throughout 

the lactation period. Purchase of concentrates form the largest share of the variable costs in 

smallholder zero-grazing dairy system (Lukuyu et al. 2011a). SPVs have been reported as 

potential partial replacement of grain-based dairy concentrates and therefore reducing the cost of 

supplementation. Due to their high dry matter yield and high protein content, the sweet potato has 

a potential to make a major contribution to small holder dairy feed requirements. There are 

surplus sweet potato vines during the rainy season which can be conserved for use during the dry 

season when good quality forage is in short supply. However, due to high moisture content of the 

vines, it is difficult to conserve them as hay with ensiling being the most suitable or viable 

conservation method for dairy farmers. 
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2.0 LITERATURE REVIEW 

2.1 Background 

Kenya lies between longitude 340 E and 420 E, latitudes 50 S and 50 N of the equator, covering a 

total area of 580,367 KM2 with population of about 47.5 million people (KNBS, 2019). Only 

17% of this area has potential for rain-fed agriculture with an average annual rainfall of 500-800 

mm (Njarui et al. 2011a). Agriculture is the backbone of Kenya’s economy contributing up to 

25% of the GDP, supports up to 75% of the population and is the second largest industry after the 

service sector (Onyalo 2019). 

In Kenya, there is an estimated herd of 3.4 million milking animals (KNBS 2010), most of which 

are crosses of Friesian–Holstein, Ayrshire, other dairy breeds and local zebus (Muriuki 2011). 

Smallholder dairy farmers own approximately 80% of the milking animals (Njarui et al. 2011a) 

and produce over 80% of the milk marketed (FAO 2011). In many households, 36% of the milk 

produced is consumed at home while the rest is marketed, showing the importance of the dairy 

sector in household nutrition (Njarui et al. 2011b). 

2.1.2 The Kenyan dairy industry 

The Kenya dairy industry can be traced back to 1920’s and was mainly dominated by large scale 

farms owned by white settlers (Muia 2000). The dairy industry contributes upto 14% of the 

overall agricultural GDP and 4% of the national GDP, while within the livestock sub-sector, it 

contributes to 40% GDP (KDB 2015). The sector’s growth rate has been recorded as 1.5% per 

annum from 2011 to 2014 (KNBS 2016). The sub-sector is the most developed among the 

agriculture sub-sectors and plays a major role in nutrition and economic status of many people 
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including farmers, hawkers, processors and consumers (Wambugu et al. 2011b). The dairy herd is 

estimated to produce 5 billion liters of milk annually (State Department of Livestock, 2018). Of 

the total milk produced, 60% is marketed through formal channels (Thorpe et al., 2000), 

indicating the importance of dairy sector in Kenyan economy as it employs many who derive a 

regular source of income (Ann et al. 2015) . 

Compared to other countries in the Sub-Saharan Africa region, Kenya has the largest dairy sector 

with 70% of the dairy cattle and is the only country, apart from South Africa, that produce enough 

milk for its consumption and export (Bingi and Tondel 2015). Its per capita milk consumption is 

4 to 8 times higher compared to countries in this region (Muia et al. 2011a). Compared to other 

major milk-producing land-based systems in Sub Saharan Africa, lactation yields in Kenya are 3 

to 4 times higher due to market-oriented dairy systems (Bingi and Tondel 2015). The Kenyan 

dairy industry therefore is well established in both production and processing of milk. This could 

be as a result of government policies that promote market-oriented dairying for smallholder 

farmers. 

2.1.3 Demand for livestock products 

It is desired that the human diet should contain milk or milk products, especially for young growing 

children. This is because milk contains important macronutrients such as energy, fat and protein 

and micronutrients such as Vitamin A, B12 and calcium (Choudhury and Headey 2018). It is for 

this reason that consumers in the developing countries are increasingly improving their diets 

through increased consumption of livestock products (Scott 1992). However, a large proportion of 

population in the developing countries still have inadequate access t o  milk products due to 

low productivity from dairy animals and rely on plant-based proteins which are low in some of 

the micronutrients (Kidoido and Korir 2015). 

https://www.sciencedirect.com/science/article/pii/S0959652620318278#bib66
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By the year 2050, global population is projected to exceed 9 billion people (Alexandratos and 

Bruinsma 2012) which translate to 70% additional food to feed the population. This comes at a 

time when the developing countries are increasingly converting arable land to cater for urban 

expansion leading to scarcity in land for food production (Graham-Rowe 2011). Furthermore, 

global warming is also exerting pressure on the available land and related resources such as 

water, soil and biodiversity and therefore decreasing agricultural production. The demand for 

agriculture products in the world is projected to increase by 1.1% yearly from 2007-2050 

(Alexandratos and Bruinsma 2012), with changes in diets increasingly leading to consumption of 

more livestock products. 

Due to rapid human population increase in Africa, Bajpai and Swain (2012) projected that dietary 

consumption of meat will increase from 9.5 to 14 kcal/person/day and 28.3 to 34 kcal/person/day 

for dairy products between year 2001 and 2030. In Kenya, the population growth is 3% per annum, 

with gross national per capita income increase by 48.5% between 2011 and 2015 (KNBS 2016). 

Owing to this rapid population growth, it is reported that within two decades annual milk 

consumption (per capita) will increase from approximately 110 liters in 2009, to 220 liters by the 

year 2030 (MoLD 2010). This demands increase in milk production from 4.5 billion liters in 

2009 to 12.76 billion liters in the year 2030 (MoLD 2010). To meet these increased demands for 

livestock products, scientists are expected to come up with technologies that increase productivity 

efficiency. 
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2.1.4 Role of livestock in developing countries. 

In developing countries, livestock play multiple roles resulting in nonproductive animals being 

kept for socio-economic and cultural values (Kebreab et al. 2005). The main role of livestock is 

food security where foods of animal origin such and meat and milk are known to be rich sources 

of protein, energy and essential micronutrients (Ehui et al. 1998). Some of the essential 

micronutrients such as calcium, zinc, iron, and vitamin A are more bioavailable from animal 

products than other sources (Allen, 2005) with others such as vitamin B12 found only in animal 

foods. It is estimated that by the year 2050, there will be an additional two billion people who 

will require 50 to 70% increase in food productivity (Smith et al. 2013). Crop-livestock systems 

are reported to contribute to half of the food consumed in the world (Herrero et al. 2010) where 

ruminants depend on grass and crop residue while in return supplying manure to the crops. 

Hundreds of millions of people in the tropics depend on animal draught power for cultivation, 

planting and as a means of food distribution by transporting agricultural produce from the farm to 

marketplaces (Phaniraja and Panchasara 2009). More than 240 million cattle are reared as work 

animals with nearly 50% of the cultivated land in the world depending on animal power (Gebru 

2001). This is attributed to the relative affordability and flexibility of animal draught power with 

no input requirements compared to farm machinery. 

Livestock play a major role in nutrient recycling where manure from the animals is used to 

replenish nutrients exported from soil through crop harvesting, leaching and erosion (Kebreab et 

al. 2005). This compensates for lack of access to inorganic fertilizer (Gebru 2001) and helps to 

maintain variability and environmental sustainability of food production. In addition, some of the 
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forage crops grown for livestock such as Napier grass, lucerne and desmodium help in improving 

soil organic matter, increase water retention and reducing runoff (Abdullah 2014). 

However, one of the major negative roles of livestock is their contribution to greenhouse gas 

emission with ruminants being the largest sources of enteric methane (CH4) in the livestock 

sector, which is produced in their digestive system (Caro et al. 2016). These emissions represent 

loss of feed energy at the expense of meat and milk production (Bell et al. 2016). Of the total 

methane produced in the whole digestive system, 87% is produced in the rumen and 13% in the 

hind gut (Pinares- Patiño et al. 2008). About 95% of the methane produced in the rumen is 

excreted through eructation, whereas 89% of methane produced in the hindgut is exhaled through 

the lungs. 

The low-quality forages in the tropics lead to high emissions per unit of meat or milk produced 

(Boadi et al. 2002) where grazing has been reported to 0.23 Kg CH4/animal/d. This translates to a 

conversion rate of 7.7 to 8.4% of gross energy into methane. Feeding the same cattle with a highly 

digestible grain diet, methane production was reported to reduce to 0.07 Kg CH4/animal/d, with a 

conversion rate of 1.9 to 2.2% of the feed energy to CH4 (Harper et al. 1999). This shows that 

supplementing cattle fed low quality forages greatly reduces enteric methane production which is 

a major contributor to climate change. 

2.2 Constraints in the smallholder dairy industry 

2.2.1 Feed resources 

Although the contribution from the smallholder dairy farms to the total milk production is high, 

the individual animal yields are characterized by sub-optimal milk production (5-8 L/ d) due to 

sub- optimal milk yields, short lactation periods of 6 to 8 months and long calving intervals of up to 

24 months) (Mayberry et al. 2017). The average daily weight gain for heifers in these farms is 
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reported to be as low as 0.36 Kg/d (Makau et al. 2018) as compared to a reported optimum 

weight gain of 0.85 to 0.95 Kg/d (Krpálková et al. 2014) for heifers fed exclusively on forage 

diets. This is made worse by the fact that dairy cows’ nutritional requirement is high, and in the 

tropics, it is difficult to secure quality feed resources required to sustain optimal production 

(Devendra and Leng 2011). 

The smallholder dairy systems are often not able to provide enough feed, both quality and quantity, 

throughout the year as most of the available tropical pastures are poorly managed (Lukuyu et al. 

2009). These pastures are in most cases low in nitrogen and have low digestibility and thus 

unable to sustain optimal production without supplementation. Most farmers offer the poorly 

managed grasses and supplement with cereal-crop residues, which offer minimum nutrients needed 

for optimal production (Tolera et al. 2000). 

Due to increased population pressure over the years, land has been sub-divided into small parcels 

giving priority to crop production rather than fodder production (Muia 2000). This has led to feed 

shortage for dairy animals, especially during the dry seasons. As the land sizes continue to 

diminish and as the production systems move from extensive to intensive, ruminants are 

increasingly fed on human- edible crops such as grains which causes pressure on human food 

supply (Ertl et al. 2015). This situation is aggravated by the fact that commercial supplements 

are not always available and/or affordable to the smallholder farmers (Njarui et al. 2011a). 

Reduction in fodder production, feeding of poor-quality byproducts and high cost of concentrates 

has led to low productivity of dairy cattle (Khan et al. 2009). 

The potential for increased productivity per animal has been improved as a result of decades of 

genetic improvement through imported semen from high quality bulls (Weigel 2004). However, 

the improved breeds require high plane of nutrition, a situation that is further constrained by high 
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feeding costs due to global inflation (Ayantunde et al. 2005). Furthermore, this intensive selection 

and breeding of dairy animals has negatively impacted on the health of individual offspring and 

future generations (Oltenacu and Broom 2010). 

Studies have revealed genetic link between increased milk yield in cows and occurrence of health 

problems such as mastitis, ketosis, ovarian cysts, and lameness (Ingvartsen et al. 2001). This 

correlation is often linked to mobilization of body reserves during early lactation to support nutrient 

demand for high milk production due to low intake of energy. This situation is worsened by poor 

body condition at calving when there are minimal body reserves to mobilize, leading to 

regeneration of functional body tissues such as muscle (Agenäs et al. 2006). 

2.2.2 Milk marketing and prices 

The potential for increased demand for milk is high, with global demand expected to increase by 

35% by 2030 (Adesogan and Dahl 2020). This is also supported by the fact that annual demand in 

the developing countries has increased by nearly 50% in three decades (Handford et al. 2016). This 

increase is driven by population growth, urbanization and increase in purchasing power as a result 

of off-farm employment in both rural and urban households (Ng’ang’a et al. 2010). This expands 

opportunities for marketing smallholder dairy products across the entire dairy value chain in 

Eastern Africa and Kenya in particular (Thorpe et al. 2000). 

In sub–Saharan Africa however, there are a multitude of constraints that contributes to high cost of 

production and low productivity, leading to low profits and price fluctuations. One of the major 

constraints is declining farm sizes (Mutavi et al. 2016) leading to increased reliance on purchased 

feeds, both concentrates and forage. The price of these grain-based commercial concentrates is 

high relative to milk prices lowering economic performance of the dairy farming (Wolf 2012). 

Changes in milk prices have been caused by the liberalization in the milk market and choice of 
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market outlet (Kaitibie et al. 2010). Before the liberalization, milk processing in Kenya was only 

by a state- controlled firm, but thereafter many other players have emerged, and the government 

can no longer subsidize the prices of inputs or control prices (Berem et al. 2015). The farmers 

were left with the responsibility to search for markets and the related costs in contractual 

arrangements with the market outlets (Kaitibie et al. 2010). In most of the smallholder farms, 

there are no alternative sources of income and thus the need for daily cash push farmers to sell 

their milk through informal market outlets which generate employment as they handle over 60% 

of the marketed milk in Kenya (Berem et al. 2015). 

2.3 Nutrient requirements of lactating cow 

Proper nutrition is crucial in achieving and maintaining high livestock productivity. The milk 

production potential of most of dairy animals in the tropics has increased due to adoption of 

improved breeding programs in the recent years (Oltenacu and Broom 2010). However, there is 

need to improve feeding regime so as to fully exploit the genetic potential. The low milk 

production reported for dairy animals in the tropics is mainly due to poor nutritional management 

where the animals are fed low quality forages and agricultural byproducts that are high in fiber, 

low in CP, ME and digestibility (Zhu et al. 2017). 

In the developed countries, the main source of nutrients for dairy cattle is based on cereal grains 

for energy (An et al., 2003). However, in developing tropical countries, there is shortage of animal 

feeds that have adequate energy and protein and low-quality forages such as crop residues are not 

only used as the basis of diets but are often the whole diet for ruminants (Duguma and Janssens 

2016). In most dairy farms, animals are fed with minimal consideration of the nutrients need 

which are dependent on stage of lactation (Dulphy et al. 1980). Feeding during early lactation 

requires special consideration due to the low dry matter intake and increased demand for nutrients 

during this period (Weber et al. 2013). In early lactation, effects of low level of feeding are 
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reflected in reduced milk yield, change in milk composition and poor body condition (Sheehy et 

al. 2017). This effect is not only immediate but also present for a while even after the 

underfeeding is over. Bryant (1982) reported that underfeeding in early lactation resulted to 

reduced milk yield as well as alteration of milk composition where decrease in 1 Kg DM intake 

resulted to a decrease in 39 g of milk fat. Roche (2007) reported 8.4% reduction in milk fat for 

the first five weeks post calving, on feed restricted cows. Furthermore, underfeeding during this 

period also results in mobilization of body reserves resulting in loss of body condition and as a 

result delayed resumption of estrous which impacts negatively on calving interval and therefore 

long-term productivity of the dairy cow. 

Nutrition during the dry period is also important as live weight and good body condition score at 

calving are very critical in the cow’s production cycle, more critical than the subsequent change 

in weight and body score after calving (Roche 2007). According to Treacher et al. (1986), cows 

calving in poor body condition fed well, after calving do not completely compensate for the 

underfeeding prepartum. Cows with lower live weight and body score at calving produce less 

milk than those with higher liveweight and better body condition (Grainger et al. 1982). 

Besides, there is also a delay in the resumption of estrous leading to protracted calving interval 

which undermines long term productivity of the dairy cow. Low milk production has been 

reported from cows on less than 50% of ME requirements before calving (Roche 2007). This is 

due to how feed is partitioned in early lactation where a greater portion of nutrients is used for 

live weight gain at the expense of milk yield (Yearsley et al. 2001). 

2.4 Dry matter intake 

Dry matter intake is a critical aspect in dairy cows feeding and is the most important factor in 

meeting nutrient requirements of ruminants (Mertens 1994). Ideally, an animal can satisfy its 
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nutrient requirements if it could consume enough of low-quality forages, but practically this is not 

possible due to physical limitations of the animal and feed factors (Kubkomawa et al. 2013). 

Research by Mertens (1994) found that the value of a feed in animal nutrition is more dependent 

on the amount consumed than its chemical composition. 

There are several factors that affect voluntary dry matter intake in ruminants: metabolic and 

physical factors. Metabolically, the animal maintains an energy balance by altering its feed intake 

in relation to its energy requirement (Baile and Forbes 1974). This is done with help of 

physiological control where neural receptors inform the brain about the nutrition status of the body. 

Baile and Mayer (1970) reported that propionate and acetate are the main feedback signals for 

satiety in ruminants. Butyrate is not directly involved in regulation of feed intake because most of 

it is metabolized to ketones in the rumen epithelia tissue following absorption. 

The physical factors include rumen capacity, distention of the reticulorumen, fiber content of the 

feed and rate of passage of the digesta (Forbes 2000). When ruminants are fed more fibrous feeds, 

they take longer time to chew and therefore comminute the digesta to fibre particles that are small 

and dense enough to pass through the reticulo-omasal orifice to create more space to 

accommodate more feed. They stop eating before they consume enough nutrients required for 

their production potential (Meijs 1981). This is due to rumen distention which is determined by the 

size of the abdominal cavity, fetal enlargement for in-calf animals and fat deposition in the 

abdominal cavity (Forbes 2000). Rumen capacity is dependent on the animal body size because 

gut size increases almost linearly with body size of the animal leading to higher DMI (Beecher et 

al. 2014). Furthermore, large animals have higher maintenance requirements and thus they have 

to take more feed than smaller animals (Kleiber 1961). However, maintenance requirements per 

unit of body weight is reported to decrease with increase in size thus decreasing the feed intake 
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(Riaz et al. 2014). 

2.5 Feed resources 

Ruminant production in the tropics mainly dependent on native unimproved pastures, crop residues 

and agricultural by products (Lanyasunya et al. 2006a). In areas with relatively large tracts of land, 

farmers set aside patches of land for grazing (Lukuyu et al. 2011a). However, due to increased land 

pressure and dairy cattle population, most farmers have adopted stall feeding (Njarui et al. 2016b) 

using natural fodder (Kikuyu grass, Star grass and fodder trees) or established fodder (Napier grass) 

or crop residues (Ongadi et al. 2010). Use of maize stover, beans haulms, banana leaves and 

pseudostems as dry season supplements is a common practice to alleviate nutritional problems of 

livestock (Nyaata et al. 2000). Some farmers purchase fodder as bales of hay or backload of Napier 

grass to sustain the animals (Thorpe et al. 2000). 

In East Africa, most common animal feed resources include Napier grass, Kikuyu grass, crop 

residues, legumes, Rhodes grass, Setaria and other roadside grasses (Nangole et al. 2013). Crop 

by- products form a major portion of the feed resources especially during the dry season. These 

by- products include maize stover, wheat straw and bean haulms (Lukuyu et al. 2011a). Most of 

these crop residues have low metabolizable energy of 5 to 7 MJ ME/Kg DM and crude protein of 

2 to 5% (Smith 2002). In the tropical Kenya, maize stover is the main crop residue used by 

94.9% of dairy farmers (Njarui et al. 2011a). Majority of the farmers store the stover in open-roof 

hay barns with few leaving the stover in the field, stacked under trees for gradual collection, 

leading to loss of nutrients due to weathering and leaf shattering (Syomiti et al. 2011). 

Most of the available feed resources are of low quality characterized by low protein concentration 

(less than 8% CP) and low digestibility (less than 55% digestible) leading to reduced ruminal fiber 

degradation (Sampaio et al. 2010b). This leads to low forage intake and eventually low animal 
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productivity (Lazzarini et al. 2009). It is therefore evident that low protein content in tropical 

grasses poses a challenge to any form of intensification in the dairy sector. Protein content in 

mature grass is related to the pathway of carbon fixation (Brown 1978) and is determined by the 

initial protein levels at growth, rate of protein content decline over the growth stage and the final 

leaf stem ratio (Norton and Poppi 1995). In a review of three experiments from two grasses, 

Crowder (1982) reported an average decline in protein content from 17.2% at 4 weeks to 10.4% in 

12 weeks regrowth. 

The tropical forages have low bulk density of leaf as compared to the temperate grasses, thus 

leading to low biomass yield and low intake by animals (Guenni et al. 2002). The low biomass 

yield is as a result of their growth habit, leaf to stem ratio and flowering behavior (Stobbs 1973). 

They are reported to have C4 photosynthetic pathway which results to higher fiber content as 

compared to temperate grasses which have C3 photosynthetic pathway (Norton and Poppi 1995). 

Furthermore, tropical pastures tend to store their storage polysaccharides in form of starch as 

compared to temperate pastures that store theirs inform of fructosan. Warm temperatures in the 

tropics also lead to higher growth rates and rapid maturity in the tropical grasses and according to 

Wilson (1982), this leads to decline in their nutritive quality at a faster rate as compared to the 

template grasses. This is because when grasses mature and flower, there is transfer of soluble 

carbohydrates from the stems and leaves to the flowers leading to decline in forage quality 

(Crowder and Chheda 1982). This also leads to increased lignified cell wall and decrease leaf to 

stem ratio. 

The low CP content of most tropical grasses calls for supplementation of the same with forages 

or concentrates that are high in protein. There is therefore need to seek alternative low-cost 

supplementation which can be easily cultivated to improve the nutrient supply to dairy cattle. 
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In the tropics, feed availability is seasonal due to over-reliance on rain-fed agriculture for 

production (Njarui et al. 2011a). This is in spite of dairy cows feed requirement being constant 

throughout the year which translates to a surplus forage during the wet season and deficit during 

the dry season and which impacts negatively on animal’s productivity. The extent of the shortage 

is determined by land size, number of animas and the management systems. Njarui (2009) 

reported that farmers with small land sizes had only 10% of the land dedicated to feed production. 

In a survey on feed seasonality in Kenya, 93% of the farmers experienced seasonal feed fluctuation 

(Njarui et al. 2011a) with the worst months being September to October. These feed fluctuations 

are both in terms of quantity and quality. Even with this scenario, there is low rate of adoption of 

feed preservation technologies to address these fluctuations (Lukuyu et al. 2011b). 

In Kenya, fodder shortages are most prevalent between December and April, with peak shortage in 

the months of February and March, when the animals do not get enough feed to meet their full 

production potential (Njarui et al. 2011a). On the other hand, there is plenty of fodder during the 

months of April, May, June and November (Lanyasunya et al. 2006b). For instance, 66% of 

farmers surveyed in Central Kenya had excess fodder during these months (Nyaata et al. 2000), 

although 63% of them left the excess fodder in the field until need arose or sold to neighbors. 

Others used the excess fodder to make compost, mulching or cow beddings (Singh and Kumar 

2018). 

2.6 Common forage crops 

Due to increased land pressure and dairy cattle population, most farmers have adopted stall feeding 

(Njarui et al. 2016b), otherwise also known as zero grazing, using natural fodder (Kikuyu grass, Star 

grass and fodder trees) or established fodder (Napier grass) or crop residues (Ongadi et al. 2010). 

Use of maize stover, beans haulms, banana leaves and pseudostems and sweet potato vines as dry 

season supplements is a common practice to alleviate nutritional problems of livestock (Agutu 
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2018). Some farmers purchase fodder as bales of hay or backload of Napier grass to sustain the 

animals (Thorpe et al. 2000). 

In Western Kenya, the average area set aside for fodder production is 30% of the total land in 

smallholder households (Musalia et al. 2007) with Napier grass being the most dominant fodder 

in this area. Other common forage crops that were found in the farms included desmodium 

(Desmodium spp., both silver and green leaf), Guatemala grass (Tripsacum laxum) and Fuzi grass 

(Brachiaria ruziziensis) (Baltenweck et al. 2010).  

2.6.1 Napier Grass 

The main feed resource for dairy animals in Kenya is Napier grass (Ng’ang’a et al. 2010). The 

popularity of Napier grass among the farmers could be attributed to its actions as a soil 

conservation crop and as a trap plant for management of stem borer pest in maize (Khan et al. 

2014). This coincides with a survey by Nyaata et al., (2000) in central Kenya where it was 

observed that the main fodder in smallholder dairy farms was mainly Napier grass grown on 

small plots and on contour strips, which act both as fodder source and biological soil erosion 

control. The survey showed that 22% of the farmers who grew Napier grass on plots intercropped 

it with desmodium while 5% who grew Napier grass on contour strips intercropped it with 

calliandra (Calliandra calothyrsus). Most Napier grass varieties in Kenya have an average DM 

yield of between 10 - 40 ton/ha/year DM (Nyambati et al. 2010). It has an advantage of 

withstanding repeated cuttings of up to six times in a year producing 50 - 150 tons of fresh 

herbage per hectare (Mwendia et al. 2006). It withstands long periods of drought, recovering 

rapidly from stagnated growth with the onset of rains (Negawo et al. 2017). 

Napier grass on average contains 20% DM, 6.5-8% CP, 70% NDF and 48% ADF (Turano et al. 

2016). It can be fed fresh or as silage and performs well when intercropped with legumes (Magcale- 

Macandog et al. 1998). Napier grass has high structural wall that increases with age as opposed to 



20  

crude protein and digestibility that decreases (Bayble et al. 2007). Even when cut at the 

recommended height of 1metre, it is of low quality with a mean CP of 80g/Kg which cannot 

sustain adequate performance in lactating cows without supplementation (Kariuki et al. 1998). 

For instance, average daily gain (ADG) of Friesian heifers fed on Napier grass alone was reported 

to be 0.34 Kg/day (Kariuki et al. 1999) as opposed to the expected ADG of 0.85 to 0.95 Kg/day 

for heifers exclusively on forages (Krpálková et al. 2014). 

Height at which Napier grass is harvested has been shown to influence digestibility in dairy 

animals. A study on the best harvesting age showed that organic matter digestibility reduces as 

cutting height increases (Zewdu and Baars 2003). This is due to increased fibre content that 

contributes to decreased digestibility of cell wall constituents. This could also be due to thicker cell 

wall and reduced leaf to stem ratio. The nutritive value remains unchanged between 76cm and 137 

cm height but decreases at 183cm (Mwendia et al. 2006). 

Napier grass, if well managed, can supply enough animal fodder in the intensive small-scale dairy 

farming systems (Tessema et al. 2010a). Harvesting intervals and cutting height above the ground 

are the major management practices important for high production and quality of Napier grass 

(Wijitphan et al. 2009). This determines the plant vigor, yield and its persistence within the soil. 

These agronomic practices also affect nutritional quality of the Napier grass, where it is reported 

that cutting at an interval of 45-60days, resulted in higher yields of CP as opposed to increased 

cutting interval (Lounglawan et al. 2014). 

Defoliation (cutting) frequency has also been reported to affect the number of tillers per plant, 

number of leaves per tiller, total number of leaves in the whole plant and leaf length per plant 

(Tessema et al. 2010b). Contrary to the findings by Lounglawan (2014) above, increase in cutting 

frequency was reported to increase leaf to stem ratio, subsequently increasing voluntary feed intake 

and CP content (Jorgensen et al. 2010). However, the same study reported increase in dry matter 
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yield from 16.4 to 31.7 t/ha as cutting frequency decreased from 60 to 120 days. 

2.6.2 Sweet potato 

Sweet potato (Ipomea batatas), a crop in the family Convolvulaceae, is native to Central and 

South America (O'brien 1972). Due to its versatility and adaptability, it is a common crop in 

developing countries both in the tropics and sub-tropics (Frankow-Lindberg and Lindberg 2003). 

It is a tuberous-rooted perennial with adventitious roots which are mostly located within top 25 

cm soil (Getachew et al., 2000) but mainly grown as an annual crop. Among the most common 

traditional crops in the tropics, sweet potato is ranked seventh in the world and fifth among the 

most consumed food crops (Truong et al. 2018). It is a crucial food crop in the rural areas (Karuri 

et al. 2017), with high production found in the highlands of East African region (Hotz et al., 

2011). 

It is commonly cultivated and classified as a famine-relief or a subsistence crop, but this is changing 

gradually to commercial crop due to increase in demand for food in urban areas (Widodo et al. 

2015). For food or small-scale marketing, farmers practice piecemeal harvesting of the roots where 

they dig up a few tubers and leave the rest to continue bulking (Stathers et al. 2013). Other farmers 

grow different varieties with different maturing periods or stagger the planting time so as to have 

supply of fresh tuber throughout the year (Ngailo et al. 2016). However, this strategy does not work 

in most of the sub-Saharan Africa countries due to prolonged dry periods (Low et al. 2020). 

In sub-Saharan Africa, sweet potato is grown extensively in the densely populated intensively 

cultivated regions of East Africa (Low et al. 2017b) where it is seen as a food security crop due 

to its reliable yields and ability to grow throughout the year (Andrade et al. 2016). It can adapt 

well in a wide range of climatic conditions and marginal areas with poor soil conditions 

(Bioethics 2004). Due to its drought tolerance, farmers rarely loose the total crop harvest and thus 

they plant it as an insurance (CIP, 1996). 
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Sweet potato is an important dual-purpose crop grown mainly for human consumption (Kapinga 

et al. 1995), and the crop residue (vines and leaves) fed to animals (Wanapat 2009). As a result, 

sweet potato has the potential to support livestock production without competing for human feed 

resources. Yield of sweet potato tubers is comparable to other tuberous crops where it is similar to 

cassava yield but less than yam (Terry et al. 17-23 Aug1986). However, the leaf biomass yield of 

sweet potato is higher than both, as it can be harvested many times throughout the year (Hong et 

al. 2003). After harvesting the roots for human consumption, most of the vines and non-

commercial roots are left in the field and could be used to feed ruminants (Ruiz et al., 1981). 

2.6.2.1 Sweet potato agronomy 

Sweet potato can adapt to wide range of environmental conditions and can thrive in areas with poor 

soil fertility and inadequate moisture (Bioethics 2004). However, optimum production is achieved 

when SP is grown on fertile, high organic matter, well drained light textured soils with an optimum 

pH of between 5.8 and 6.2 (Woolfe 1992). Heavy textured poor-drained soils have poor aeration 

and are prone to water logging which reduces tuber growth in early stages and can cause rotting in 

late stages of development (Yooyongwech et al. 2017). 

Propagation is mainly through vine cuttings or sprouts from the tubers. The cuttings are 300 to 450 

mm long and are cut from the apical part of the mature plant and should be from clean planting 

material free of diseases and pest (An 2004). They are then planted in molds, flat beds or sunken 

beds. Mold planting is common and is encouraged due to proper drainage thus preventing tuber 

from rotting, especially where there is high water table (Root 2010). It is also reported to 

significantly increase tuber yields as compared to flat bed or sunken bed planting (Lugojja et al. 

2001). This is because the molds offer loose topsoil that encourages growth and bulking of the 

tubers leading to a 64% increase (Agbede and Adekiya 2009) in tuber yields as compared to flat or 

sunken bed planting. There is good aeration due to less compaction of the molds which encourages 
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root growth. Sweet potato grown on flat beds are reported to grow excess foliage at the expense of 

the roots (Busha 2006). 

Once planted, sweet potato undergoes three stages of development: initial growth of vines and 

development of absorbing roots, continuation of growth of vines absorbing roots plus initial 

development of the tubers and finally rapid development of the tubers (Clark and Wright 1983). 

Tuber development is reported to occur between 7 and 91 days after planting depending on the 

variety, soil composition and environmental conditions (Issa 2015). The tubers are ready for 

harvest between 3 to 8 months depending on the variety (Stathers et al. 2013). Due to their delicate 

skin, harvesting of tubers should be done manually using sharp sticks to avoid bruising the skin 

that can result to lowered market value or rotting (Ray and Ravi 2005).  

2.6.2.2 Chemical composition of sweet potato 

The roots, stem and leaves of sweet potato contain a variety of nutrients, some of which are 

important s for human and animals. Various studies have reported high protein content in vines: 

22.1% (Luyen and Preston 2012), 22.9% (Nguyen et al. 2012) and 23.1% (Ly et al. 2010). The 

leaves are high in minerals such as Ca, Mg and Na and vitamins such as A, B2, C and E (Sun et al. 

2014) and have a fibre content of 38% on DM basis (Johnson and Pace 2010). The roots contain 

low dry matter content (30%) low CP (0.72-1.27% DM) but high in carbohydrates (80 to 90% 

DM) (Pérez and Fujita 1997). The carbohydrates consist of starch and sugars with minimal 

pectins and hemicellulose (Woolfe 1992). A medium sized sweet potato tuber (114 grams) is 

reported to contain 162 calories, 37 grams of carbohydrates 0 grams of fat and 3.6 grams of 

protein (Tan et al. 2007), a calorie yield higher than maize and comparable to cassava. 

The nutritive value of sweet potato tuber depends on variety (Rose and Vasanthakaalam 2011). 

For instance, the white and yellow varieties have lower levels of beta carotenes, a precursor for 
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vitamin A, as compared to the orange-fleshed variety (Kim et al. 2011). It is for this reason that 

researchers have embarked on breeding programs to come up with bio-fortified, orange-fleshed 

sweet potato varieties that are high in carotenoids (Low et al. 2017a). 

2.6.2.3 Effect of harvesting regime on sweet potato productivity. 

In smallholder farms, there is a daily need for food and feed throughout the year which can be 

supplied by sweet potato. Dual purpose varieties have the ability to regenerate continually when 

vines are harvested even before harvesting the tubers at maturity (León-Velarde 2000). 

Intermediate harvesting of vines (i.e., harvesting halfway through the growing period, then again 

at maturity) has been reported to improve the animal-feeding value of the SP varieties (An et al., 

2003). The effect of this partial harvesting on tuber yield is however dependent on the stage of 

growth of the plant (Nwinyi 1992) and should be done in time and manner that will not affect the 

yield and quality of the tubers. This is because tuber development is reported to be influenced by 

the vegetative part of the sweet potato, where the initial stages of tuber development are 

characterized by accumulation of carbohydrates in the vines (Mulungu et al. 2006). However, this 

is not always the case as some of the SP varieties with a rigorous vine growth have been reported 

to have low tuber yield (Mulungu et al. 2006). 

Roots yield is reported to be reduced by frequent vine harvesting (Nwinyi 1992) because shoot 

removal while the plant is still growing decreases the supply of photosynthates to the growing 

roots. The degree of yield reduction however depends on the harvesting intensity and the age of 

the plant. Gonzales et al. (1977) and Villareal (1979) have shown that harvesting the vines when 

the plant is young and still growing negatively affects yield and quality of the tubers. There is a 

severe reduction on marketable roots when the vines were harvested at 45 and 75 days as compared 

to those harvested at 105 days (Stathers et al. 2005). Several studies have recommended different 

ages at which vines can be harvested without significantly affecting the roots; 90 to 120 days (Lebot 
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2009), 112 days (Nwinyi 1992) and 140 days after planting (Larbi et al. 2007a).  

Studies on the effect of vine harvesting intensity on tuber yield have been inconclusive. For 

instance, removal of 25% or less of the total vines does not significantly affect tuber production as 

compared to removal of 50, 75 or 100% (Edmond and Ammerman 1971). Dahniya (1980) reported 

a 31 to 48% reduction when only part of the shoots was removed at the tip as compared to 50 to 

62% reduction when the vines were harvested at the base. This information is crucial to the 

smallholder farmers because harvesting 25% of the vines from one-acre plot can provide seed 

for planting for another 2 acres thus, increasing yields. In Afar region of Ethiopia, farmers have 

traditionally harvested the vines with a purpose of influencing the tuber size. They cut the vines to 

reduce production of huge tubers which, as they claim, have to be split into smaller pieces for them 

to fit in the cooking pots (Ahmed et al. 2012). 

However, other studies have reported increase in tuber yield and quality when partial harvesting 

was done. Griggs and Villareal (1982) reported that frequent harvesting of vines increases the 

total biomass yield and starch content of the tubers. Lugojja (2001) reported no effect on tuber 

yield when a single defoliation was performed but repeated defoliation reduced tuber yield 

significantly. This was attributed to the plant having sufficient time to recover after single 

defoliation to grow new vines and mobilize reserves towards roots development (Welter 1993). 

Repeated defoliation does not give the plant enough time to redirect enough assimilates to the 

plant after each regeneration. Also, the same study by Welter (1993) reported that growth stage at 

which the vines were harvested did not have any effect on the tuber yield. 

The effect of partial vine harvesting on vine biomass yield has also been studied. Kiozya et al. 

(2001) found that forage yields increase with longer cutting interval as this allowed the plant 

enough time to recover from the previous cutting. Generally, it is known that plant productivity is 

reduced when the leaves are removed while the plant is still growing. This is attributed to leaves 
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serving as the photosynthesis area and their removal reduces plant growth (Lugojja et al. 2001). 

Sweet potato however can tolerate high levels of defoliation due to its compensatory growth 

ability (Chalfant et al. 1990). Even though a single harvest at maturity may result to high biomass 

yield of vines as compared to each single harvest during the growth period, it does not result to 

higher yield than the total yield from all the cuttings from intermediate and final harvesting (Hue 

et al. 2012). This shows that there is a positive relationship between vine biomass yield and 

cutting frequency (Wanapat and Kang 2015) which was attributed to capture of the leaves before 

they reached the age of senescence when frequently harvested. It also stimulates faster regrowth 

of new shoots leading to production of higher quantities of foliage (Hue et al. 2012). 

For defoliation to negatively affect vine growth, a threshold of 30% defoliation of the total leaves 

has to be exceeded (Mattson and Addy 1975). Because the sensitivity of plants to defoliation 

changes with time and stage of development (Lugojja et al. 2001; Olorunnisomo 2007), different 

studies have shown varying effects on vine dry matter yield when harvesting is done at different 

stages of growth. Viana et al. (2011) reported yield of 3.7 to 7.4 t/ha at 150 d after planting as 

compared to 3.05 to 4.95 t/ha at 163 days after planting. Pedrosa et al (2015) reported the same 

vine yield of 4.2 to 7.9 t/ha at both 150 and 230 days after planting. This indicates that beyond 150 

days the vines growth slows, and some leaves are lost. 

2.7 Grain based supplementation. 

In the developed countries, breeding programs with emphasis on milk production has led to dairy 

cattle breeds with high milk yield potential. To meet the high demand for nutrients of these high 

yielding cows, forages alone cannot meet the nutrients requirements for milk production and 

therefore energy and protein need to be supplied through grain-based concentrates (Tolera et al. 

2000). Grain based concentrates are expensive, and in some cases of low quality (Lukuyu et al. 

2011a) and not always readily available in most developing countries. Some developing countries 
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do not even have enough cereal grains even for human consumption (Tolera et al. 2000), which 

raises the question of whether it is ethical to feed grains to livestock (Ertl et al. 2015). When 

animals are fed grains which could directly be consumed by humans, food scarcity can occur. 

IAASTD (2009) reported that half of the grains produced in the world are fed to animals, a claim 

supported by Alltech (2012) who reported that in 2011, 70% of grains produced went to feeding 

livestock. 

It has also been estimated that less animal protein is produced (58 million tons of animal) by feeding 

more plant protein (77 million tons) to livestock (Steinfeld et al. 2006). In a sustainable livestock 

production system, there should be less human-edible food that is fed to animals (Herrero and 

Thornton 2013). Feed resources that are both locally available and don’t fall under conventional 

human food category, create an opportunity as an alternative in feeding livestock (Apata and 

Babalola 2012). 

2.7.1 Alternatives to grain-based supplementation 

The increasing pressure on the use of grains by human population and livestock feed millers has 

created scarcity and increased the cost of cereal grains. This scenario calls for use of alternative 

sources of energy and protein that are locally available and not in competition with humans 

(Apata and Babalola 2012). By-products from processing cereals are often considered as a 

solution, but their supply is never guaranteed as availability is mainly in urban centers where the 

processing plants are located. Ideally, animal supplement sources should not compete for land 

space and should be part of smallholder farming systems. This can be made possible by 

cultivating plants that act as both food and feed sources in an integrated crop-livestock farming 

system (Tolera et al. 2000). One of the crops fitting this description is sweet potato, which can 

provide food to human (tuber and in some cases even leaves) and feed to livestock (vines) (Apata 
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and Babalola 2012). When the value of the tuber is taken into account, cost of vine production is 

much lower than cereal crops. 

2.7.2 Potential for sweet potatoes as alternative to grain-based supplementation 

Growing demand for livestock products is putting pressure on many developing countries to 

effectively use the available resources in agricultural sector (Scott 1992). The prospects of 

increasing the production of cereal grains to meet livestock and human needs is proving impossible, 

leading to seeking alternative feed sources for livestock (Wilkinson 2011). The need to reduce 

feeding costs and improve profitability in the smallholder dairy systems require use of alternative 

cheaper protein and energy sources (Phesatcha and Wanapat 2016). 

In the past, there has been efforts to improve dry matter content of sweet potato vines, with some 

varieties having improved by 25.9 to 35.1% percent (Scott 1992), and orange-fleshed varieties up 

to 42% (Kapinga et al. 2007). Also, due to increased demand for both food and feed in the 

tropical farming systems, dual purpose varieties have been developed and are proving popular 

among smallholder rural farmers. These dual-purpose varieties allow several harvestings of the 

vines for fodder without significantly affecting tuber production (Ahmed et al. 2012). This enables 

provision of animal feed all year-round thus enhancing productivity. 

In a study by Etela et al. (2009), it was reported that supplementing cows with SPV in early 

lactation could be sustainable and cost effective, especially when improving dry-season Guinea 

grass. Meyreles and Preston (1977) reported linear increase (up to 34%) in voluntary DM intake of 

sugarcane stalks when supplementation levels of SPV in the diet were increased. In the study, 

simultaneous consumption of SPV did not significantly reduce intake of the sugarcane stalk. The 

increase in DM intake was comparable to 30% reported by Preston et al. (1976) when rice 

polishing was used and 34% reported by Silvestre and Hovel (1978) when wheat bran was used. 

Khalid et al. (2013) studied the effect of supplementing with SPV on weight gain and reported 
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the highest gain in seven days (4.6 Kg) in animals on SPV silage as compared to sorghum (0.75 

Kg) and clitoria (0.38 Kg). 

However, when fed without drying, digestibility of SP vines can be a problem due to trypsin 

inhibitors leading to reduced nutrient absorption from sweet potato or other feeds consumed 

together (Stathers et al. 2013). Improvements through biotechnology is needed to come up with 

varieties that are low in trypsin inhibitors (Tsou and Hong 1989). Furthermore, farmers are 

encouraged to process SP vines before feeding to the animals by sun-drying and cooking the 

tubers thus improving the feed value by destroying the trypsin inhibitors (Pérez and Fujita 1997). 

2.7.3 Effect of concentrate feeding on milk yield and composition 

When dairy cows are supplemented with concentrates, the overall feed intake is increased 

(McEvoy et al. 2008). For instance, an increase of 2.9 Kg/cow dry matter intake was reported for 

cows fed diets high in concentrates as compared those on low amounts (Lawrence et al. 2015). 

Sutton et al. (1987) reported an increase in hay intake of 0.9 Kg DM when cows were fed 9.5 Kg 

of high fibre concentrate as compared with same amount of a high starch concentrate. However, 

other studies have contradicted these findings with Gordon (1984) reporting lower intake of silage 

when supplemented with fibrous concentrate compared with a high starch concentrate. 

Furthermore, there was a reported increase in substitution of pasture by 0.03 DM/Kg DM for an 

additional Kg of concentrate offered (Stockdale 2000). 

The rate of substitution is influenced by type of supplement fed (McKay et al. 2019), quality and 

level of feeding of both the supplement and the forage, and the physiological state of the animal 

(Sutton et al. 1987). Supplements with high levels of readily digestible carbohydrates tend to 

reduce rumen pH and fiber digestion due to reduction of microbial activity in the rumen (Dijkstra 

et al. 2012). Substitution effect can also be affected by supplementing with a nutrient that is 
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deficient in the ration, where if a forage is deficient of protein, protein supplementation will 

increase the forage intake (Cappellozza et al. 2021). 

When feeding dairy animals with low feed-value tropical forages, supplementation is vital in 

enhancing digestibility and utilization of nutrients if high level of production is to be achieved 

(O’Neill et al, 2013). Even with high quality forages, it is sometimes difficult to meet the energy 

and/or protein demand of high producing dairy cows due to the DMI limits of the animals 

(Beecher et al. 2014). Gut limitation is major constraint to intake of adequate levels of digestible 

nutrients, especially energy to sustain high milk yield in high genetic merit dairy cows.  

Therefore, there is a need for high nutrient supplementation with concentrates and in some cases 

even with the use of modified dietary fats such as Calcium salts of long chain fatty acids. To fill 

this gap, supplementing with energy and protein sources is crucial and is expected to result in 

increased nutrient intake and subsequently increase production. 

Response in milk production when concentrates are fed depends on the basal diet quality, stage of 

lactation of the animal, production potential of the cow and level and type of concentrate (Dillon 

et al. 1997). Milk response to supplementation is reported to depend on energy balance between 

demand and supply (O’Neill et al, 2013). However, this response is always much less than the 

expected due to substitution of the basal diet by the supplement (Sheahan et al. 2013). Ideally, 

when there is no substitution of the basal diet by the supplement, and all extra energy is channeled 

towards milk production, 1 Kg DM concentrate with approximately 12 MJ ME/kg should lead to 

a milk increase of approximately 2 Kg. (Bargo et al. 2003). However, other studies have reported 

lower milk yield response rate of between 0.41 and 1.0 Kg of milk per Kg of concentrate fed in 

the tropics (Woodward et al. 2002; Burke et al. 2008). Variation in the response is high (up to 

63%) which can be attributed to quality of the basal diet and that of the concentrates, reduced 
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forage intake due to substitution effect and partitioning of the extra energy to body tissue 

synthesis. The response rates increase as the quality of the basal diet decrease, a scenario more 

evident in the tropics than temperate systems. 

The nature and composition of the concentrate has been reported to affect both the milk yield and 

milk composition, where concentrates with higher fiber produces higher milk yield and higher fat 

content than the starch-based concentrates (Larsen et al. 2013). This could be because starch-based 

concentrates lower the rumen pH, leading to low digestion and reduced dry matter intake. On the 

other hand, high fibre diet tends to stimulate acetate type of fermentation in the forestomach and 

acetate being a lipogenic substrate promotes butter fat synthesis. The genetic merit of the cow is 

also considered a factor in response to supplemental feeding (Kennedy et al. 2002). Cows with 

superior genetic merit partition their supplemental feed energy towards milk production rather 

than body reserves in the early lactation. The stage of lactation also affects milk response to 

supplementation because energy is channeled more to body reserves in the late lactation as 

compared to early lactation where more of the energy is channeled towards milk production. 

Furthermore, in early lactation dietary energy intake levels may be inadequate due to factors 

associated with uterine involution and hormonal levels making the dairy cow to mobilize adipose 

tissue fat reserves that results in loss in body weight.  Recent studies in the USA on the use of 

Bovine somatotropin (BST), have also shown that this hormone does influence nutrient 

partitioning in favor of high lactation, especially in dairy cows with high genetic merit for milk 

production. 

Protein type in the supplement is also reported to affect the response of milk production. Rumen 

undegradable protein (RUP) has been reported to improve yield where milk was reported to 

increase by 6.5 Kg/d when RUP in a CP diet was increased from 5% to 9% (Amanlou et al. 
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2017). When lactating cows were fed formaldehyde-treated soybean meal, there was an increase 

of 2.2 Kg/d compared to those fed untreated soybean meal (Throat et al. 2016). Also, by varying 

the levels of RUP in goats’ diet, protein and net energy content in milk increased significantly 

(Chowdhury et al. 2002). In these studies, the response was attributed to the fact that rumen 

undegradable protein increases the flow of protein into the small intestines thus making more 

protein available for milk synthesis. In other studies, increase in milk yield in response to protein 

supplementation is attributed to increased dry matter intake (Laudadio and Tufarelli 2010), while 

others attribute it to improved energy utilization (Kaufman et al. 2018). This is supported by the 

fact that supplementation with RUP is likely to help the dairy cow to surmount the limiting amino 

acids phenomena that may be limiting efficient utilization of available dietary energy in addition 

to the endogenous energy mobilized from the animal’s adipose tissue which is likely to boost 

milk production high genetic merit dairy cows.  Furthermore, it is also widely accepted that while 

dairy cows have a capacity to mobilize endogenous energy reserves from the body’s adipose 

tissue to close the metabolizable energy gap, the same cannot be said for the protein because of 

the dairy cow’s limited capacity to mobilize body’s protein reserve.  In such cases, the limiting 

amino acids are best supplied through exogenous supplementation with undegradable dietary 

protein. 

In the recent past, consumers are increasingly demanding for food that is healthy and 

environmentally friendly (Gao et al. 2020). Milk quality is becoming a major issue in the 

developing country’s dairy value chain, with consumers’ purchasing interest shifting towards 

safety and nutritional quality of milk (McGarry Wolf et al. 2009), specifically milk with low fat 

content and high protein and unsaturated fatty acids. Furthermore, milk processors are starting to 

offer milk prices based on total solids, specifically protein and fat (Santos and De Vries 2019), with 

export markets setting quality standards. This has led dairy sector to step up production not only 
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volumes but also quality. With this emphasis on milk composition in today’s dairy industry, any 

change in feed type or the level of feeding should be followed with understanding on how the 

milk composition will respond to the changes. If a feed results in a great change in milk 

composition, then such an effect would be of a great concern to the dairy industry. The 

composition in milk is the main measure of its quality and any intervention that can alter the 

composition is crucial in achieving the desired milk quality. 

Milk fat and protein content are the major components given attention to when analyzing milk 

quality. Increased milk protein synthesis is stimulated by increased supply of amino acids in the 

diet (Safayi and Nielsen 2013). This synthesis requires energy and therefore apart from amino 

acids, energy availability is crucial. Milk fat is mainly affected by roughage physical properties 

(fiber) rather than chemical properties (Tafaj et al. 2004). In some cases, the type of diet fed to the 

animal influences milk fat content. For instance, Khalid et al. (2013) studied the effect of feeding 

different silage diets to Nubian goats on milk composition. In their study, SPV silage showed the 

highest milk fat content (3.81%) as opposed to sorghum (3.37%) and Clitoria (3.49%). 

Milk composition can be altered using breeding or nutrition interventions (Samková et al. 2012). 

With genetic manipulation being slow, nutrition can be a quicker way of changing milk 

composition (Tyasi et al. 2015) and thus a better means of meeting the rapidly changing demands 

in the milk market. This can be achieved by altering the feed itself (amount fed and composition) 

and meal pattern, as well as other feed factors such as roughage - concentrates ratio which can be 

used to influence the amount of fat in the milk (Sutton, 1995). 

Nutrient composition in the blood is affected by nutrient intake and energy balance and this in turn 

affects mammary nutrient supply and milk composition (Safayi and Nielsen 2013). After the feed 

is consumed, the amount of external control is greatly reduced. At this stage, minimal intervention 
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can be achieved only by use of additives to influence rumen functionalities and to some extent 

absorption. 

In an experiment to study the influence of supplementation with soybean meal on milk quality, 

Gonzalez et al., (2009) reported that fat content was affected by supplementation, with higher 

values obtained by the group under supplementation (4.77%) as compared to 4.46% for pasture 

only. In normal circumstances, when the milk production lowers, fat content is expected to 

increase due to increase in concentration of solid components because of reduced dilution effect 

(Boland et al. 2013). However, in some cases where the supplement is high NDF content, this 

could lead to increased production of volatile fatty acids leading to high butter fat content (Tafaj et 

al. 2004). Protein content is also reported to be affected by supplementation with high amounts of 

amino acids in the diets increasing protein content in milk. Gonzalez et al. (2009) reported higher 

percentage of protein (3.67%) for a group of cows supplemented with soybean meal as compared 

to 3.49% for cows on pastures only. However, the same study reported that there was no 

difference in lactose content of cows on supplementation (4.28%), and those not supplemented 

(4.26%). This is because lactose suffers less variation as compared to the other milk components 

and increases with milk production (Tafaj et al. 2004). The age of the animal can also influence 

its response to the nutrient supply, with older cows having higher milk composition response to 

increased nutrient supply as compared to first-time lactating cows (Bossen et al. 2009). 

2.8 Silage making 

Ensiling is a process of fermentation to conserve moist green forages which preserves their 

moisture and nutrient content making them suitable for feeding (Bautista-Trujillo et al. 2009). 

The process of silage making is a relatively easy technique that does not pollute the environment 

and the products are deemed natural (Filya et al. 2000). The ensiled feed is more palatable, and 

animals can digest the plant fibre and protein more effectively (Dom et al. 2011). In the developed 
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countries, silage is highly valued as animal feed with more than 90% of forages produced being 

conserved as silage (Mohd-Setapar et al. 2012). 

Traditionally, silage making has been a means of fodder preservation for the large-scale dairy 

farmers, owing to the machinery, labor and other costs involved. However, development of low- 

cost ensiling techniques which do not involve heavy machinery has enabled smallholder farmers 

to practice silage making. In the recent past, silage making has become crucial to smallholder dairy 

farmers, especially in areas where there is extended dry seasons (Aminah et al. 1999) or even when 

weather conditions are not favorable for cut and carry system of feeding. In small scale farms where 

family labor is insufficient, silage making reduces the burden of the tedious daily harvesting of 

Fodder (Aminah et al. 1999). Ensiling is also used to transform some unpalatable low-cost by-

products into useful livestock feed by changing their chemical nature (Chedly et al 1999.). For 

instance, chicken droppings and rice bran can be used as additives leading to improved crude 

protein and dry matter conversion rates of the byproducts (Peters et al. 2002). 

To achieve quality silage, the forage material has to be harvested at the right stage of maturity 

where the nutrition quality is highest. The forage material should have high water-soluble 

carbohydrates (WSC) content of 6 to 12% (Giang et al. 2004), low buffering capacity and dry 

matter of 250 to 400 g/Kg. For ensiling to be a success, two objectives must be met; one is to 

achieve an anaerobic condition and two, is to inhibit undesired microorganisms such as clostridia 

and enterobacteria (Adesogan and Newman 2010). 

Ensiling is done anaerobically by storing the material in airtight silos where preservation is enabled 

by fermentation of carbohydrates by microorganisms lowering the pH to a level that inhibits the 

spoilage microorganisms (Mohd-Setapar et al. 2012). The storage period has to be long enough for 

the fermentation process to be completed. This occurs at the time when lactic acid is the 

predominant acid leading to rapid drop of pH to a maximum level of 4.0. The aim should be to 
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complete the fermentation process in the shortest period possible to retain more nutrients in the 

silage (Adesogan and Newman 2010). 

Silage fermentation process occurs in several stages. The first phase is the aerobic stage that starts 

immediately the silage is made and depending on the level of compaction, can last a few hours up 

to 2 days until oxygen is completely depleted from the sealed silo (Adesogan and Newman 

2010). The longevity of this stage depends on how the silage was made with the stage taking 

longer (up to 2 days) in poorly made silage. A significant proportion of nutrients can be lost 

through aerobic oxidation with substantial amount of heat being generated in the process 

(Wilkinson 2015). In this stage, the atmospheric oxygen that is trapped in-between plant particles 

is reduced by respiration and the plants proteins are broken down to amino acids. The oxygen 

allows biological processes that consume nutrients and energy, producing water, carbon dioxide, 

heat and ammonia where the heat produced causes increase in temperature leading to DM and 

quality losses (Borreani et al. 2018a). Therefore, to minimize nutrient losses at this stage, the 

plants should be harvested at the right maturity, chopped to the right particle size, compacted 

thoroughly to reduce oxygen and silo sealed immediately after ensiling. 

After oxygen is exhausted, the silage enters the second phase of anaerobic fermentation where 

lactic acid bacteria (LAB) start proliferating and become predominant over other acid producing 

bacteria (enterobacteria, clostridia and yeast) (Calabrò et al. 2012). The LAB ferment sugars into 

organic acids, alcohols, carbon dioxide and nitrogenous compounds (Pahlow et al. 2003). The 

organic acid acids (mainly lactic acid) lowered the silage pH to a level where the undesirable 

microbes cannot survive. The anaerobic condition in this stage is the main factor that determines 

the success of the ensiling process (Calabrò et al. 2012). Even small amounts of oxygen 

infiltrated into the silage can inhibit plant cell lysis and trigger growth of aerobic microorganisms 

(yeast, fungi and aerobic bacteria) thus affecting LAB fermentation (McEniry et al. 2011). Under 
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anaerobic conditions, most of the spoilage microorganisms decrease due to low pH caused by 

increase in lactic acid, leading to a stable silage. This stage can last 3 days up to four weeks until 

the fermentable sugars are depleted (Adesogan and Newman 2010). The silage can stay stable for 

as long as there is abscence of oxygen but once the silage is opened during feed out, the aerobic 

conditions are restored, and this marks the beginning of the last phase. Due to oxygen 

penetration, yeast and molds that have been dormant during the stable phase are revived and  they 

use up sugars, lactic acids and other nutrients to produce carbon dioxide and heat (Bernardes et 

al. 2021). This amounts to nutrient losses of silage. Molds also produce mycotoxins that can lead 

to health problems to animals (Ogunade et al. 2018). To reduce these losses, the silage should be 

fed to animals immediately after exposure to air. It is recommended that the feed out rate should 

be in layers of 8 to 12 inches per day (Adesogan and Newman 2010). Where possible, additives 

and inoculants that slow down growth of yeast and molds should be added to help improve the 

quality of the silage. 

The main stages of DM loss are during harvesting, fermentation, silage effluent from the silos and 

exposure to air during feed out stage (Borreani et al. 2018a), where in each of these stages, 

quality deterioration and dry matter loss occur leading to reduced quality of the silage fed, as 

compared to the ensiled material. During fermentation, extent of DM loss depends on the 

dominant microbial species where there are increased DM losses in form of carbon dioxide if 

microorganisms other than LAB play a significant role in fermentation (Sakhawat 2011). Some of 

the LAB species ferment glucose homofermentatively producing only lactic acid leading to 

minimal DM losses (Borreani et al. 2018a). However, other species of LAB ferment glucose 

heterofermentatively, producing 1 mol of carbon dioxide per every mole of glucose fermented 

leading to 24% loss in DM. Good management practices in each stage of silage making can 

therefore play a significant role in reducing these losses. 



38  

2.8.1 Factors affecting silage quality 

Respiration and temperature at ensiling 

Immediately after the ensiling process, the chopped forage is still metabolically active. This leads 

to rise in temperature due to respiration aided by the trapped oxygen in the forages (McAllister and 

Hristov 2000). The rise in temperature is a s result of complete oxidation of the glucose molecules 

in the plants releasing energy which, in an open field, is dissipated as heat into the atmosphere 

but in the silo, it leads to rise in temperature (Henderson 1993). The temperature leads to 

acceleration of respiration exponentially until either the oxygen supply is exhausted, or enzymes 

are inactivated by low pH. This occurs before the fermentation stage starts. The rise in temperature 

results to DM and nutrient losses where it has been reported that 10 oC rise in temperature leads to 

1.7% DM loss (Rees 1982). Respiration peaks at 46oC beyond which the enzymes involved are 

inactivated (Pitt and Muck 1993). If the high temperatures are prolonged, they cause protein 

denaturation, extensive browning and decreases intake and digestibility of the silage (Wang and 

Nishino 2013). The DM loss is more if the ensiling process is done during the hot or wet weather 

(Ashbell et al. 2002). The rise in temperature is also detrimental to lactic acid growth where the 

optimum temperature for lactic acid to thrive is between 27 and 38 degrees (Yamamoto et al. 

2011). 

Silo filling and sealing 

The amount of time taken to fill and seal the silo affects silage quality. Slow filling and delayed 

silo sealing lower the quality due to yeast development which plays an important role in anaerobic 

deterioration of silages (Henderson 1993). Yeast develops during wilting and in case of air 

infiltration in the storage period (Weiss et al. 2016). Its effect can be minimized by filling the silo 

in the shortest time possible and sealing it immediately and efficiently. Bruning et al. (2018) 

reported that delaying sealing the silo by 4 days led to 11% DM losses, increase in yeast 



39  

production and a decline in WSC of up to 65%. This agrees with Gerlach et al (2013) who 

reported a 27.2% increase in losses in organic matter when silage was sealed after one day as 

compared to immediate sealing. Delayed sealing has also been linked to decreased feed intake 

due to production of ethyl ester during fermentation (Weiss et al. 2016). Immediate sealing sets 

the start of fermentation stage, leading to rapid drop of pH thus reducing the rate of protein 

degradation by the protease enzyme (Brüning et al. 2018). Plant proteases are most active at 

pH of between 6 and 7 but below 4 their activity is reduced (Henderson 1993). Proteolysis and 

amino acid degradation can also be reduced by increasing the plant DM (Yitbarek and Tamir 

2014). 

2.8.2 Sweet potato vine ensiling 

Over the years, silage has been made mainly from grass and fodder maize (Wilkins 2005). 

However, due to poor quality of tropical grasses, and competition between ruminants and human 

for maize, these traditional sources of silage are not viable and there setting stage for the 

exploration of other viable alternatives with sweet potato vines being considered as one such 

option. Sweet potato vines have been used as an unconventional alternative for silage making 

(Salehi et al. 2014). Another reason for ensiling SPV is to guarantee its availability throughout 

the year due to its seasonal availability (Mose et al. 2006) which may not coincide with the time 

of feed scarcity. Furthermore, irregular feeding of SPV has been reported to affect milk 

production where there is lowered milk yield when cows are fed vines irregularly (Peters 2008). 

This is attributed to low feed intake resulting from a cow used to high palatable feed refusing 

other feeds until a particular feed is offered. This therefore calls for ensiling the sweet potato 

foliage as a feed conservation strategy (Cheli et al. 2013) to enable constant supply throughout 

the seasons. 

Dom et al., 2009 reported that the economics of making SPVs silage are feasible in storing vines 
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for a long time and therefore reducing costs of buying fodder and reducing need for labor in daily 

feeding chores, especially for women (Dom and Ayalew, 2010). A study by Khalid (2013) 

concluded that the value of vines and roots are improved by ensiling because fermentation 

improves their digestibility. A study by Peters (2008) showed potential of SPV silage in improving 

milk production by up to 1.5 Kg per day. This is due to its ability to raise the level of digestible 

protein in mixed diets. Replacing 50% of commercial feed with SPV silage proved to be effective 

in maintaining adequate feed intake, body weight gain and feed conversion efficiency (Giang et al. 

2004). 

However, there are reports of reduced CP when SPVs are ensiled (19.7g/Kg DM) as opposed to 

drying (22.9 g/Kg DM) (Nguyen et al. 2012). An earlier study by Brown and Chavalimu (1985) 

reported a loss of up to 37g per Kg of silage dry matter as opposed to 15g per Kg DM when SPVs 

were dried, a loss attributed to the succulent stems of sweet potato vines making them not 

feasible to dry. Presence of bacteria, mold and other metabolites e.g., mycotoxins in silages are a 

major concern due to their effect in animal health (Drejer Storm et al. 2008). Use of forages as 

the main dry matter component, as compared to cereal grains, makes the contribution of silage to 

mycotoxin intake significant (Cheli et al. 2013). Mold contamination in silage leads to reduced 

palatability, reduced nutrition value and feed intake, decreased fertility and susceptibility to 

diseases. Worldwide, an estimated 25% of crops are affected by mycotoxins (Ashbell et al. 2001). 

These mycotoxins are of economic importance due to their detrimental effects on livestock 

productivity and plant losses. Some types of mycotoxins such as aflatoxins have a high carryover 

rate from feed to milk thus leading to high mycotoxin intake in human population (Cheli et al. 

2013). In a study carried out in the Netherlands, Driehuis et al., (2008) reported that relative to 

compound feed, the contribution of silage to dietary mycotoxins was between 2.9 to 3.5 times 

higher. The same study reported that fungi and aflatoxins levels are more affected by 
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environmental conditions (high temperatures, low rainfall and drought stress) and agronomic 

practices than the actual silage-making practices. 

The biggest challenge in ensiling SPV is the low dry matter content. Pedrosa et al., (2015) reported 

vines dry matter of 21%, a figure that was below the recommended DM of 35% required for silage 

making (Nishino et al. 2012). This therefore requires wilting of the vines to achieve the DM 

requirements. When the DM is increased through wilting, sugars are concentrated in the DM thus 

increasing concentration of water-soluble carbohydrates (WSC) (Henderson 1993). It also reduces 

water activity in the plant cells and reduce seepage losses from the silos (Borreani et al. 2018a). 

Studies have indicated that unwilted herbage may seem more extensively fermented due to high 

concentration of fermentation products (McEniry et al. 2011) but are less well preserved as 

compared to wilted herbage. This is because wilting increases the dominance of the desired lactic 

acid bacteria (LAB) and reduces the concentration of ammonia nitrogen which indicates reduction 

in proteolysis. (Thomas, 2007). 

To reduce DM and nutritive losses, the forage should be wilted rapidly by spreading the forage 

immediately after cutting. Kung et al. (2010) suggested that, for forages with high moisture content 

and low WSC, cutting the forage in the morning maximizes wilting in a shorter period rather than 

leaving the forage for a longer time to dry. However, this contradicts findings by Morin et al. 

(2012) and Brito et al. (2008) who reported an increase in WSC when forages were cut in the 

afternoon as compared to those cut in the morning. This is attributed to the fact that the plants 

accumulate carbohydrates during the warm and sunny period of the day due to photosynthetic 

activity (Brito et al. 2008), thus WSC content is relatively higher in the afternoon as compared to 

early morning (Kaiser et al. 2000). Marsh (1978) reported that wilting of forages before ensiling 

increased voluntary feed intake by 25 to 31% in beef animals. Haigh et al. (1985) reported a 

lower increase in intake of wilted silage by 19% from 4.7 to 5.6 Kg. Although efficiency of 
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utilization of DM is reduced by wilting (Charmley and Thomas 1987), it does not affect energy 

utilization. Wilting also enables the silage to stabilize even at high pH of 5 and above. This, 

according to McDonald et al. (1991) is due to suppression of clostridial growth due to the osmotic 

pressure caused by wilting. However, according to Pedrosa et al. (2015), wilting under the open 

sun increases NDF, ADF and lignin content thus reducing the vine nutritional value. It is also 

reported to reduce digestibility of the silage, and this is attributed to loss of digestible nutrients 

due to plant respiration (Charmley and Thomas 1987). Organic dry matter digestibility was 

reduced by 10 g/Kg when silage material was wilted due to loss of highly digestible nutrients 

through oxidation and leaching (Haigh and Parker 1985). 

Crops ensiled at a DM below 300 g/Kg were reported to have high in-silo fresh weight losses 

through effluent production (McEniry et al. 2011). This is worse if there is high level of compaction 

at ensiling leading to high pressure exerted on the herbage. Through this effluent, nutritional losses 

occur and in large scale silos, it may cause environmental pollution of water sources due to high 

BOD (Weinberg and Ashbell 2003). 

Another challenge of ensiling SPV is its low energy content. This can be corrected by mixing sweet 

potato vines and tubers during ensiling which has been shown to improve the feed energy value 

of SPV silage (Giang et al. 2004). The roots are rich in energy (15.6 MJ ME/ Kg DM) due to 

high carbohydrates content (80 to 90% DM) while the vines are high in protein (17.1% CP) with 

8% starch and 4% sugars (Dominguez 1992). This mixture is reported to contain up to 59.6% 

carbohydrates which provides a perfect environment for fermentation during ensiling. Giang et al. 

(2004) concluded that ensiling sweet potato vines does not require any additives if sweet potato 

roots are incorporated at a ratio of 30 to 70%. However, this leads to a slight decrease in DM (5%) 

which is considered acceptable (Sylvester 2010). 
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2.8.3 Ensiling additives 

The conservation of forage as silage relies on a natural fermentation process under anaerobic 

conditions. However, some of the forages used may not have enough soluble carbohydrates 

required for successful fermentation leaving the fermentation process to chance (Kung 2018). 

Silage additives have been used to cover for some of the risks of insufficient fermentable substrates 

in silage making process while at the same time improving their nutritive value (Henderson 

1993). A good silage additive improves nutrient recovery from the silage by minimizing heating 

and fungi development (Elferink et al. 2000). The additives also increase the efficiency of silage 

utilization, limit spoilage and improve anaerobic stability, leading to reduced DM losses 

(Yitbarek and Tamir 2014). 

Without the additives, the fermentation occurs as a result of the activity of microorganisms on the 

crop WSC (Borreani et al. 2018a). The presence of WSC and population of these microorganisms 

is influenced by the type of the crop, growing conditions and the environmental factors at cutting 

and wilting stage. It is reported that, for successive preservation to occur without using additives, 

the ensiling material will require WSC levels of about 30 g/Kg DM (Haigh and Parker 1985). The 

low levels of WSC in SPV therefore calls for silage additives to be used to enhance fermentation 

process. 

Silage additives have been used for decades to improve the ensiling process. It is estimated that out 

of the 200 million tons of silage made worldwide annually, 9% of the cost involved goes to 

additives (Weinberg and Ashbell 2003). The choice of the additive product to be used is largely 

determined by its cost and availability rather than its effectiveness and suitability for the crop being 

ensiled (Elferink et al. 2000). 
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2.8.4 Categories of silage additives 

Fermentation enhancers 

Even when good fodder harvesting and ensiling techniques have been followed, fermentation can 

still be inefficient due to lack of enough water-soluble carbohydrates. The fermentation 

coefficient depends on the plant’s dry matter content and buffering capacity, factors whose 

relation was characterized by Weissbach and Honig. (1996) as follows. 

FC = DM (%) + 8 WSC/BC 

where FC is the fermentation coefficient, DM is the forage dry matter content, WSC is the water- 

soluble concentrates and BC is the buffering capacity of the forage. Using this relationship, it was 

concluded that forages with fermentation coefficient of less than 35 should be ensiled with 

additives (Elferink et al. 2000). However, the formula does not work for forages with low nitrate 

content because they are more liable to clostridial fermentation (Spoelstra et al. 1988). Due to the 

high number of lactic acid bacteria required to inhibit clostridial activity (100,000 units/ g fresh 

crop) (Kaiser and Weiss 1997), LAB inoculants are recommended for such forages. 

Fermentation inhibitors 

These are used in forages with very low DM and low WSC. They reduce the clostridial spore count 

thus inhibiting clostridial growth. Most used inhibitors are salts from acids, formic acids and nitrite 

that reduce clostridial spores in wilted grass by 5 to 20 times (Lättemäe and Lingvall 1996). 

Aerobic spoilage inhibitors 

Yeast and acetic acid bacteria are known to be the spoilage organisms in silage making. Some 

volatile fatty acid-based additives (propionic and acetic acids) can be added to inhibit growth and 

activity of these microorganisms (Weinberg and Muck 1996). This is because propionic and acetic 

acids have been found to have inhibitory effects on yeast populations (Moon 1983). Others are 

bacteriocin producing microorganisms such as lactobacilli (Lactobacillus buchneri) which 
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degrades lactic acid to acetic acid that in turn suppresses yeast population. 

Additives used as nutrients or absorbents 

Silage quality is highly dependent on the nutritional quality of the forage ensiled. Sometimes 

specific nutrients lack or are insufficient in the forages. the quality of these forages is often 

improved by adding specific additives high in the lacking nutrients (Borreani et al. 2018a). 

Ammonia and urea are the most common additives used in silages to improve on the crude 

protein content. Limestone and magnesium sulphate are also used to increase calcium and 

magnesium. Wheat bran can also be added to SPV silage to improve on energy content and at the 

same time increasing dry matter content. These additives have no effect on silage fermentation 

although some such as urea and ammonia have been reported to improve aerobic stability of 

silage (McDonald 1991). 

2.8.5 Sugarcane molasses 

The main limiting factor in using additives in silage making in the tropics is the cost and 

availability (Weinberg and Ashbell 2003). By-products such as sugarcane molasses, which is 

available and relatively cheap, is one of the additives that can be used as a source of external 

readily fermentable sugars (Luo et al. 2021). Sugarcane molasses is reported to have nutrimental 

value to cattle and has no anti-nutritional substances such as tannins and polyphenols that may 

interfere with microbial fermentation. In Netherlands, sugarcane molasses is the most used silage 

additive (37%) as compared to inoculants (31%) and fermentation inhibitors (29%) (Elferink et 

al. 2000). It is a by-product of sugarcane industries with a dry matter (DM) content of 700 to 750 

g/Kg and soluble carbohydrate of 650 g/Kg mainly sucrose (Yuan et al. 2015). Molasses is a 

carbohydrate-rich material added to silages to increase supply of substrate for lactic acid bacteria 

(Henderson 1993). In legumes and tropical grasses, it must be used in high concentrations (40-50 

g/Kg) for it to achieve optimal benefit. However, a considerable proportion of the added 
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carbohydrates may be lost in the first few days after ensiling if the forage being ensiled has low 

DM content. Its inclusion in animal feeds has been reported to improve silage quality and feed 

intake by up to 10% (Pettersson 1988). In a study on Leucaena silage, inclusion of molasses at 2% 

of the crop DM improved its chemical composition and rumen fermentation efficiency 

(Phesatcha and Wanapat 2016). The study reported that molasses removed some chemical 

linkages of the hemicellulose in leucaena silage thus improving its solubility in the rumen. In this 

study, rumen microorganisms were able to degrade plant metabolites such as alkaloids and 

saponins and utilize them as energy source. Increase of CP (18.4%) has been reported when 

molasses was added to grass and fermented for 30 days (Khan et al. 2006). This was attributed to 

increased microbial activity due to availability of readily fermentable energy.  

2.8.6 SPV Silage quality 

Silage quality assessment is approached from two aspects: nutritional characteristics and 

fermentative characteristics (Cherney and Cherney 2003). In nutritional characteristics, silage 

making should target to minimize DM losses and a good target for DM of grass silages is around 

30% (Cooper and Hutley 2010). This agrees with Titterton (2004) who reported that the 

recommended DM for traditional crops silages is 21 to 30%. DM is important in silages as it 

indicates the bulkiness of the feed which affects the rumen fill, passage rate and the subsequent 

quality of a feed (Brüning et al. 2018). 

The main fermentative characteristics that determine silage quality include pH, ammonia nitrogen, 

lactic acid and volatile fatty acids (Cooper and Hutley 2010), with pH indicating the acidity of 

silage and hence its stability. Its variation in silages is attributed to quality of the fodder, harvesting 

and ensiling techniques (Titterton et al. 2004). A good silage should have high lactic acid content 

produced by the lactic acid bacteria, as compared to propionic and butyric acid (Kung and 

Shaver2001), which depends on the levels of water soluble carbohydrates in the ensiling material 
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(Gerlach et al. 2013). Silage is stable at pH of 4.3 – 4.5 (Kung Jr et al. 2018). 

Ammonia nitrogen is nitrogen that has been fully degraded, and its presence indicates presence of 

secondary fermentation and hence protein loss (Meeske et al. 1999). Its level in silage gives an 

indication of the extent to which nitrogenous compounds have been degraded or decomposed 

during the ensiling period (Stark and Wilkinson 1988). Good quality silage should have ammonia 

nitrogen concentration of below 2% of total nitrogen while poor quality silage having over 20% 

(McDonald et al. 1991). 

Lactic acid is a sweet-smelling product that is the principal acid contributing to a successful 

fermentation process. It lowers the pH and reduces ADF and ammonia nitrogen while reducing 

yeasts and moulds (Blajman et al. 2018) thus improving silage stability. Poor quality silage 

contains as low as 29.7g lactic acid/ Kg DM (Santos et al. 2013), while good quality silage 

contains more than 170g lactic acid /Kg DM (Meeske et al. 1999). 

Volatile fatty acids (propionate, acetate and butyrate) are normally produced during secondary 

fermentation and high levels in silage indicate spoilage. These acids are less desirable because they 

waste metabolites of microbial origin and therefore not useful to the rumen microbes and 

represent DM and nutrients loss (Coblentz et al. 2016). 

However, even after silage meeting all the above qualities, its quality and efficiency of utilization 

cannot be guaranteed. For instance, there are reported instances where rumen digestibility is 

affected by polyphenolic compounds in silages (Taboada et al. 2010), while other reports show 

lowered CP utilization (Titterton et al. 2004). Bearing this in mind, the feeding value of silages can 

only best be determined using practical feeding trials. 
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2.8.7 Factors affecting quality of SPV silage. 

Age at ensiling 

In the tropics, forages tend to reach their maturity faster (Zailan et al. 2018) than in temperate 

forages. The maturity age of forages is reported to have an effect in aerobic losses of silages 

(Weinberg et al. 2010). As the forages advance in age, they become more fibrous, lignified and 

less nutritious due to reduced leaf fraction (Mushtaque et al. 2010). 

Wilting 

SPV wilting is crucial to increase forage DM content to 25-30% that is ideal for silage making 

(Pedrosa et al. 2015). It helps to increase concentration of water-soluble concentration and reduce 

water activity (Borreani et al. 2018b). This will also reduce nutrient loss by seepage/effluent loss 

from the silo, especially during compaction. Rapid wilting with high solar radiation helps in 

inactivating plant-derived proteases (Hartinger et al. 2019) thus stabilizing CP content in SPV 

silage. It is also reported to increase the utilizable CP at the duodenum, while increasing the rumen 

undegradable protein fractions (Edmunds et al. 2014). Lowered pH and ammonia nitrogen has 

also been reported as a result of wilting before ensiling (Agarussi et al. 2019). However, wilting 

has also been reported to negatively affect silage quality. It is reported to increase NDF and 

decrease CP and DM digestibility (Gomes et al. 2019). 

When wilting SPV, DM losses are likely to occur especially in leaves, affecting quality of the silage 

(Gomes et al. 2019). DM losses of between 9-10% has been reported (Köhler et al. 2013). 

Additives 

Additives are natural or industrial products added into silages to reduce losses or improve stability. 

Their inclusion is important for improving fermentation and nutrition quality of silages (Liu et al. 

2020), by enhancing growth of lactic acid bacteria the produces lactic acid. The additives achieve 

this by being inform of fermentation stimulants or inhibitors, aerobic deterioration inhibitors, 
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nutrients or absorbents in nature (Yitbarek and Tamir 2014). Fermentation stimulants include 

bacteria culture and carbohydrate sources, fermentation inhibitors include acids and 

formaldehydes, deterioration inhibitors include lactic acid bacteria and propionic acid, nutrients 

include urea and ammonia, and absorbents include barley and straw (Henderson 1993). 

A by-product of cane processing, molasses, is a widely used additive in silage making (Luo et al. 

2021). It is a DM of 75% and can be included up to 10% w/w to provide fast fermentable 

carbohydrates (Yitbarek and Tamir 2014). Molasses is recommended for low DM forages and 

those with low level of water-soluble carbohydrates but should be used at high concentration of 

4-5%, where it is reported to improve silage quality by increasing both lactic acid and protein 

content (Ni et al. 2017). 



50  

3.0 MATERIAL AND METHODS 

3.1 Effect of harvesting regime on DM yield and nutrient content of sweet potato variety 

SPK 013, Kenspot 1 and SPK 117. 

3.1.1 Study site 

The trial was carried out at the Kakamega campus of Kenya Agriculture and Livestock Research 

Organization (KALRO) (0°17'N, 34° 45'E; annual Rainfall 1971mm; Elevation 1535 m ASL). 

3.1.2 Experimental design 

A randomized block with a split plot design was used where the three varieties were grown in split 

plots with each variety replicated three times. The varieties constituted the main plots and days to 

harvest (75 and 150 days) constituted the subplots. 

3.1.3 Plot layout 

Plot layout was as shown in Fig 1. The trial area was a single block 17 x 26 m, divided into three 

rows 3 m wide with 2 m space between each row. Each row featured three plots 3 x 6m with 2 m 

between plots. Varieties were randomly assigned to three plots each. Subplots (3 x 3 m) for the two 

harvesting treatments, intermediate (INT) and final (FIN) harvesting of vines were delineated for 

each of the replicates. 
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KSP1 SPK117 SPK013 

 1a  4a 7a  

 1b  4b 7b  

 SPK117  SPK013 KSP1  

 2a  5a 8a  

2m 2b  5b 8b 2m 

 SPK013  KSP1 SPK117  

 3a  6a 9a  

 3b  6b 9b 

2m 

Figure 1. Plot layout 

 
3.1.4 Plot Preparation 

Weeds in the experimental plots were cleared and sprayed with a non-selective herbicide 

(Glyphosate 480 SL) at a rate of 4 liters/ha. They were then ploughed and sprayed a pre-emergence 

herbicide (Susplo-Emulsifiable SE) one week before planting at a rate of 4 liters/ha to delay 

emergence of weeds before vines establishment. 
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3.1.5 Planting 

Three dual purpose sweet potato varieties (Ipomea batatas; cv.: Kenspot 1, SPK 013, SPK 117) 

used in this study were chosen due to previous assessment of their suitability for their cultivation 

by the International Potato Center (CIP) but yield and chemical composition were not part of this 

earlier, unpublished assessment. Cuttings were sourced from a disease-free breeding farm within 

the KALRO, Kakamega campus and were planted in the subplots in six rows 0.5 m apart with each 

row having 15 plants, planted on 30 cm high mounds. Weeds were controlled by hand, two and 

four weeks after planting. 

3.1.6 Harvesting 

INT subplots vines were harvested at 75 d post-planting (INT 75 d) using knives ensuring 20 cm 

of vine was left to regrow. The final harvest was carried out for both INT and FIN treatments at 

150days. In this final harvesting, vines were harvested, after which tubers were uprooted. 

Total vines yield was recorded during both harvests in each sub-plot. After weighing, the harvested 

vines were chopped to a length of ~4 cm using a petrol driven chaffcutter and mixed by hand mixing 

and ~ 200 g sub samples taken from each subplot for dry matter determination and chemical 

analysis, while the rest were discarded. Tubers were weighed and recorded for each subplot at the 

150-d harvest. 

3.1.7 Sample preparation 

The sub samples from each subplot were frozen at -200 C in a deep freezer for further processing. 

At processing, they were thawed at room temperature, dried at 550 C for 72 h, ground through a 

1mm screen using a hammer mill (model; MF 10 basic Microfine grinder IKA. Germany) then 

stored in airtight bottles at -40 C for chemical analysis. 
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3.1.8 Chemical analysis 

All samples were analyzed for DM, ash and CP according to the standard analytical procedures 

(AOAC 1990). NDF and ADF were determined by filter bag technology using ANKOM200 fiber 

analyzer (ANKOM Technology Corp., Fairport, NY), and Ether extract (EE) by method number 

1.14R (AFIA 2014). 

3.1.9 Statistical analysis 

Data on dry matter content, crude protein, ash, ADF and NDF was analyzed using ANOVA of R 

3.0.3 statistical program (Team 2013). Differences among means were compared by least-square 

means method and the level of significance was determined at 0.05. 

3.2 : Effect of amount of molasses and storage period on the sweet potato vines silage 

quality for variety SPK 013, Kenspot 1 and SPK 117. 

3.2.1 Study site 

The experiment was conducted at the Kenya Agriculture and Livestock Research Organization 

(KALRO) in Kakamega, western Kenya (0°17'N, 34° 45'E, elevation: 1535 m, rainfall: 1971 

mm). 

3.2.2 Experimental materials 

The vines of the three dual purpose sweet potato varieties (Ipomea batatas; cv.: Kenspot 1, SPK 

013, SPK 117) were obtained from the trial in objective 1. The vines were wilted under the sun for 

one day and chopped to 20-30 cm length using an engine driven chaff cutter (model J-56 Jawala 

Singh & Sons, Coraya, Punjab). 
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3.2.3 Silage preparation 

After harvesting vines from the three varieties, they were hand-mixed in equal parts. Three portions 

of the mixture each weighing 20 Kg were mixed with three amounts of molasses (0, 20 and 40g 

of molasses/Kg of vines). Each 20 Kg portion of the vines-molasses mixture was then divided into 

ten, 2 Kg portions. The portions were then compacted by hand in polythene tubes (500 gauge), 

measuring 12 by 18 cm (Asami Ltd., Nairobi) and sealed. They were labelled and stored in a box 

and silos opened and sampled in duplicates for 7, 14, 21, 28 and 56 days. 

3.2.4 Chemical analysis 

pH determination 

At each sampling time, the silage bags were opened and samples of 20 and 200 g taken. The 20 g 

sample was placed into a beaker mixed with 100 ml distilled water and stirred. After 30 minutes 

storage at room temperature, electrodes of a pH meter were immersed into the solution and the pH 

readings recorded (AFIA 2014). The 200 g samples were frozen in plastic zip-lock bags at -200 C 

pending analysis. The frozen samples were then thawed at room temperature and dried at 550 C 

for 72 h, ground through a 1mm screen using a hammer mill (model; MF 10 basic Microfine 

grinder IKA. Germany) and stored in airtight bottles at -40 C. Chemical analysis of the samples 

was determined as elaborated for objective 1. 

3.2.5 Statistical analysis 

The effect of molasses, storage period and interaction between molasses and storage period on 

silage quality was evaluated using ANOVA of R 3.0.3 statistical program (Team 2013). 

Differences between means were compared using least-square means method and the level of 

significance was determined at 0.05. 
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3.3 Effect of supplementing lactating dairy cows with sweet potato vine silage on dry matter 

intake, milk yield and milk composition. 

3.3.1 Study site 

Kenya Agricultural and Livestock Research Organization (KALRO) at Kakamega research station 

(0°17'N, 34° 45'E; annual Rainfall 1971 mm; Elevation 1535 m above sea level (ASL)). 

3.3.2 Experimental animals and design 

The experimental protocol was approved by the Biosafety Animal Use and Ethics Committee, 

(University of Nairobi) No. FVM BAUEC/2018/161. Friesian cows in mid-late lactation (n = 12; 

age = 48 – 96 months; live weight = 422 ± 9.4 Kg (mean ± SE); Parity = 2.83 ± 0.24 (mean ± 

SE)) were selected from a herd at the Kenya Agricultural and Livestock Research Organization 

(KALRO) at Kakamega research station. 

Animals in late lactation were assigned into equal treatment groups, commercial dairy concentrate 

(CDC) or sweet potato vine silage mixed with wheat bran (SPVSWB) matched for parity and milk 

production of early lactation stage. The animals had grazed only on unimproved pasture prior to 

selection, and consequently milk production had been low (4.2 ± 0.1 Kg Day 1). After selection, 

animals were housed in individual pens in a zero-grazing unit at the KALRO (Kakamega) campus. 

They were dewormed with anthelminthic (Levamisole Hydrochloride, Norbrook LTD, Nairobi, 

Kenya), washed with an acaricide (Amitraz 125g, EC, Coopers Ltd, Nairobi, Kenya) and ear tagged 

as part of standard induction procedures before commencing the trial. The trial was conducted in 

two distinct tranches: late lactation (LL) commencing about 126 days before estimated parturition 

and early lactation (EL), commencing 14 days post-partum. Each feeding period was 70 days, 

which included a 14-day adaption period. Cows in LL were dried off 56 days before expected 
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calving date and during the dry period, animals were fed on ad libitum Napier grass (NG) and then 

placed on a higher plane of nutrition of 4 Kg CDC/cow/d 28 days before calving. 

3.3.3 Feeds 

Napier grass 

Establishment of Napier grass (NG) was done at 14 days intervals for a period of 56 days. This was 

done in 4 plots of approximately 0.5 ha each to achieve same stage of maturity of NG throughout 

the trial. Before the onset of the long rains (March 2016), land was ploughed and harrowed. NG 

planting was done as per recommended spacing of 0.5 m between canes and 1.0 m between rows 

and fertilizer (di-ammonium phosphate fertilizer, DAP) applied at a rate of 40 Kg/ha of. 

Harvesting was done daily (after 42 d) followed by manual weeding and top-dressing with 60 

Kg/ha of calcium ammonium nitrate (NH4NO3 + CaMg (CO3)2) fertilizer. The NG was then 

chaffed in a two-roller engine driven chaff cutter (Model J-56 Jawala Singh &sons, Coraya, 

Punjab), and spread to wilt before feeding. 

Sweet Potato silage 

Three dual-purpose varieties of sweet potato (Ipomea batatas; cv.: Kenspot 1, SPK 013, SPK 117) 

were each established on 0.65 ha plot. The plot was prepared before the long rains of March 2016. 

It was ploughed and sprayed with a pre-emergence herbicide (Lumax 537.5 SE, Syngenta, Nairobi 

Kenya) a week before planting at a rate of 4 L/ha. Planting seeds were obtained from disease-free 

breeding plots at KALRO and planted at a spacing of 1.0 m between rows and 0.2 m between 

plants. Weeding was done at 42 days after planting. 

https://www.syngenta.co.ke/product/crop-protection/selective-herbicides/lumax-5375-se
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Vines silage making was done using a technique developed by the international potato center 

(CIP) (Lukuyu et al. 2012a). The process and equipment used in the silage making has been 

thoroughly described elsewhere (Goopy and Odongo 2017) but briefly: vines from the three 

varieties were harvested at 150 days. They were spread under a shade and left to wilt for one day, 

then chopped separately to 20-30 mm length using an engine driven chaff cutter (model J-56 

Jawala Singh & Sons, Coraya, Punjab). The vines from the three varieties were then weighed 

separately and mixed in equal portions (w/w) by hand on a tarpaulin with 10% w/w fresh chopped 

NG and 5% w/w wheat bran (WB). The silo was made from1000-gauge silage tube (Asami Ltd., 

Nairobi) (L: 2.5 m Diam:1.0 m) tied at one end, then folded inside out and held in place by a 

custom-made, hinged drum (L: 1.2 m Diam:0.86 m). The base of the silage tube held a perforated 

flexible rubber tube (L:2.3 m Diam:25.0 mm), formed into a circle using a flexible pipe with an 

attached T-piece. The mixture was manually compacted in layers of about 8 Kg and molasses 

diluted with water (1:1 v/v) was sprayed onto each layer until the silo was deemed full at 

approximately 2 m height and the remaining tubing tied tightly to seal the silo and exclude air. The 

top of the silo was weighted using large stones to promote compaction during fermentation, the 

compacting drum was removed, and the filled silo anchored. Twenty-three silos were produced 

for each tranche and the silage was deemed to be ready to feed after 30 d. 

3.3.4 Experimental diets, feeding and data collection 

A basal diet of chaffed NG was offered at 10% of live weight (LW) (fresh weight basis) in two 

equal portions, at 08:30 h and at 15:30 h. Water was provided ad lib. The treatments were either a 

commercial dairy concentrate (CDC) offered at 7 Kg/d, or a mixture of SPVS and WB at a ratio 

of 2:1 w/w (fresh weight basis) fed at 18k g/d. The treatments were offered in equal portions at 

each feeding. Feed and refusals were weighed and recorded each morning, and the basal diet 

adjusted weekly to allow for 10% refusals. 
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Milking was done at 06:00 h and 15:00 h by hands and milk production recorded daily. Feed and 

refusals were recorded daily, and subsamples taken for the last 28 d of the (56 d) measurement 

periods, liveweight was recorded weekly using a digital platform weighing scale (model PS 1500 

MS. HD, Highland scales limited, Nairobi, Kenya). 

Feed and refusals were dried at 55°C for 72 h, ground through a 1mm screen using a hammer mill 

(model; MF 10 basic Microfine grinder IKA. Germany) and stored in airtight bottles at -4°C. All 

samples were analyzed according to standard analytical procedures as follows: 

True dry matter was determined following drying at 105°C for 24h, ash was determined by 

combustion in a muffle furnace at 550°C for 8h (AOAC, 1990 Method no. 924.05), Acid Detergent 

Fibre (ADF) and Neutral Detergent Fibre (NDF) were determined by ANKOM200 fiber analyzer 

(ANKOM Technology Corp., Fairport, NY) (AOAC, 1990 Method no. 930.10), and total N content 

by micro Kjeldahl (AOAC, 1990 Method no. 988.05) with selenium tablets used as catalyst. 

Energy requirement and intake calculations 

Energy expenditure and intake for each treatment were calculated by estimating energy 

requirements for each animal based on mean liveweight, mean liveweight change and milk 

production in each period. Metabolizable energy (ME) content of the experimental diets (NG, 

SPVS, WB and CDC) were calculated using equations appropriate to the feed type from the 

Australian Feed Industry Association - laboratory methods manual (Piltz and Law 2007) as 

follows. 
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NG: ME (MJ/Kg DM) = 0.164DMD (%) + EE% - 

1.61 SPVS: ME (MJ/Kg DM) = 0.16DOMD (%) 

CDC & WB: ME (MJ/Kg DM) = 0.858 + 0.138 DOMD (%) + 0.272 EE (%) 

Where: ME is metabolizable energy (MJ/Kg DM), EE is the ether extract (g/k g DM) determined 

by method number 1.14R (AFIA 2014). 

%DMD (dry matter digestibility) = 83.58 – 0.824ADF + 2.626N 

 

%DOMD (dry organic matter digestibility) = 2.11 + 0.961DMD. 

 

Metabolic Energy expenditure was calculated using equations from the Nutrient Requirements of 

Domestic Ruminants, (CSIRO 2007): as follows 

MERTOTAL (MJ/day) = MERM + MERG/L + MERL 

 

Where: MERM is the energy (MJ/day) requirement for maintenance, MERG/L is the energy 

requirement for live weight change and MERL is the energy requirement for lactation. 

Milk sample collection 

The animals were milked in the morning at 06:00 h and in the afternoon at 14:00 h and milk 

yield/animal/day recorded. Milk sample per animal in each lactation stage was collected into 60 

ml sampling bottles and frozen at -200 C to be analyzed later. 
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3.4 Assessment of the economic benefit of feeding sweet potato vines silage as an alternative 

protein supplement to lactating dairy cows. 

3.4.1 Gross margin 

The gross margin analysis of feeding the 3 alternative diets was calculated as follows: 

GM = [(ML x MP) – (ML x FC)] / ML 

Where, GM is gross margin in Kenyan shillings (KES.), ML is milk produced: l/cow/d, MP is 

market milk price (KES.) and FC is cost of feed per liter of milk produced (KES.) 

The cost of feed (FC) for the individual feeds was calculated as follows. 

 

Commercial dairy concentrate (CDC) 

The cost of the raw materials used to make the commercial concentrate was calculated (Table 1). 

After feed formulation, the concentrate was then packed in to 50 Kg bags and then transported to 

the research station. Packaging and transport costs were then added to the cost of purchasing and 

milling and the total cost was then divided by the amount of feed produced to get the cost of 1 Kg 

of CDC. 

Wheat bran (WB) 

Purchasing cost per kilo of wheat bran was all inclusive of milling, packaging and transport as it 

was supplied to the research station by a contracted miller. 

Napier grass (NG) 

The production cost of Napier grass was calculated by summing up the cost of hiring land at the 

research station, hiring a tractor to plough, cost of di-ammonium phosphate (DAP) fertilizer at 40 

Kg/ha for NG planting, labour cost for planting, weeding and harvesting as outlined in Table 1. 

Chaffing NG was costed by calculating the fuel used by the petrol-driven chaff cutter and the cost 
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of hiring the operator. This was pro-rated over the entire yield of NG. The total cost was then 

divided by the amount of NG harvested to get the cost of 1 Kg of NG. 

 

Table 1. Unit cost (KES.) of inputs used to calculate cost of production of Napier grass (NG), 
commercial dairy concentrate (CDC) and sweet potato vine silage plus wheat bran (SPVSWB) 

 
Quantity 

 
Item 

 
Unit 

Unit cost 

(KES) 

Total cost 
(KES) 

   Cost of producing sweet potato vines     

1200 Seed stock seedlings 3 3,600 

75 Labor (planting, weeding and harvesting) Man days 500 37,500 

2 Tractor hire Ha 1,500 3,000 

400 Fertilizer Kg 70 28,000 

3 Herbicide l 1,000 3,000 

 Total cost of producing sweet potato vines (A)   75,100 

1200 Revenue from harvested tubers (B) Kg 33 39,600 

 Production cost less revenue (A-B)   35,500 

 Cost of producing 1 Kg sweet potato vines   3.0 

 
  Cost of producing sweet potato vine silage  

   

450 Sweet potato vine Kg 3 1,350 

2.5 Silage tube m 200 500 

1 Compacting drum  300 300 

1 PVC tube m 120 120 

1 Flexible tube m 80 80 

10 Molasses Kg 30 300 

15 Wheat Bran Kg 17 255 

50 Napier Kg 2 105 

3 Chaffing fuel l 100 300 

1 Labor Man days 500 500 

 Total cost of producing sweet potato vine silage   3,810 

 Cost of 1 Kg sweet potato vine silage   7.6 

 Cost of 1 Kg sweet potato vine silage plus 1Kg 
wheat bran (SPVSWB) 

   
24.6 
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  Cost of producing Napier grass  

   

5 Seed stock t 1,000 5,000 

2 Tractor hire ha 1,500 3,000 

80 Planting fertilizer Kg 70 5,600 

100 Chaffing fuel l 100 10,000 

120 Topdressing fertilizer Kg 40 4,800 

 

110 
Labor (planting, weeding, harvesting and 

chaffing) 

 

Man days 

 

500 

 

55,000 

 Total cost of producing Napier grass   83,400 

 Cost of 1 Kg Napier grass   2.1 

 
  Cost of producing 1-ton dairy concentrate  

   

320 Maize germ Kg 22 7,040 

300 Wheat bran Kg 17 5,100 

100 Cotton seed cake Kg 40 4,000 

60 Sunflower meal Kg 30 1,800 

200 Wheat pollard Kg 30 6,000 

10 Di-calcium phosphate Kg 95 950 

4 Mineral-vitamin premix Kg 130 520 

6 Limestone Kg 50 300 

980 Milling cost Kg 10 9,800 

1000 Transport cost Kg 7 7,000 

 Total cost of commercial dairy concentrate   42,510 

 Cost of 1 Kg commercial dairy concentrate   43 

 

Sweet potato vine silage (SPVS) 

The cost of vine production was calculated by considering several inputs including cost of hiring 

land at the research station and hiring a tractor to plough the land as outlined in Table 1. The cost 

of hiring a tractor was a one-off cost that would cover fueling, servicing the tractor and driver’s 

allowances. The labour cost for planting, weeding and harvesting was calculated by multiplying 
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the number of man-days by the rate of hiring a casual labor in the area (Table 1). Chaffing the vines 

was costed by calculating the fuel used by the petrol-driven chaff cutter and the cost of hiring the 

operator. The vines were ensiled using a method and cost outlined in the SPV silage-making 

manual (Lukuyu et al. 2012a). The tubers harvested from the SPV plots were weighed and valued 

as per the prevailing market price. The cost of producing SPVS was calculated as the cost of 

producing the vines plus the cost of making silage less the (would be) revenue from the tubers 

produced. The total cost was then divided by the amount of SPVS produced to get the cost of 1 

Kg of SPVS. 

3.4.2 Chemical analysis 

This was determined as outlined in objective 1. 

3.4.3 Analysis of milk 

The samples were thawed at room temperature then milk components (milk fat, protein, solid not 

fat (SNF), lactose, total solids and salts) were analyzed using a lactoscan ultrasound milk analyzer 

(Lactoscan 11-17-7520, Milkotronic LTD, 8900 Nova Zagora, Bulgaria). 

3.4.4 Data analysis 

The effect of supplementation with SPVSWB or CDC on milk production, milk components, dry 

matter intake and weight change variables was analyzed using ANOVA of R 3.0.3 statistical 

program (Team 2013). Differences among means were compared by least-square means method 

and the level of significance was determined at 0.05. 
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4.0 RESULTS 

4.1 Vine yield dry matter 

The effect of variety and harvesting regime on vines dry matter (DM) yields is shown in Table 2. 

For both harvesting regimes, variety SPK 013 yielded more foliage (t DM/ha) compared to Kenspot 

I and SPK 117. At 75d harvest, SPK013 had significantly (P<0.05) higher DM yield (3.1 t DM/ha) 

but not significantly different from Kenspot 1 (2.6 t DM/ha), while SPK117 had the lowest (1.3 t 

DM/ha). The vines DM yield of INT at 150 days after establishment was significantly different 

between varieties (P<0.05). The varieties SPK013 and SPK117 were significantly higher than 

Kenspot1. SPK013 had the highest DM yield (4.2 t DM/ha) while Kenspot1 had the lowest (1.0 t 

DM/ha). 

 

Table 2: Effect of variety and harvesting regime on vines dry matter yield (t DM/ha) of three 
varieties of sweet potato vines. 

  Variety    

Days to Harvest Kenspot 1 SPK 013 SPK 117 sem P-value 

INT at 75 d 2.6ab 3.1a 1.3b 0.32 0.002 

INT at 150 d 1.0b 4.2a 3.7a 0.54 <0.001 

INT total (INT at 75d + INT at 

 

150 d) 

 

 
3.6b

 

 

 
7.3a

 

 

 
5.0ab

 

 

 
0.67 

 

 
<0.001 

FIN at 150 d 2.3d
 5.6a

 4.2c
 0.59 <0.001 

sem 0.30 0.76 0.25 
  

P-value 0.001 
    

INT at 75: harvested at 75d, INT at 150: harvested at 150d, FIN at 150: harvested only at 150d after planting 
abcMeans within the same row and column with different superscript are significantly different at P<0.05 
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Results in Table 2 shows that SPK 013 had the highest vine DM yield (7.3 and 5.6t DM/ha), as 

compared to Kenspot 1 (3.6 and 2.3 t DM/ha) and SPK117 (5.0 and 4.2t DM/ha) for both for INT 

and FIN respectively. The vines DM yields of INT total were significantly different between 

varieties Kenspot 1 and SPK013 but not between SPK117 and either Kenspot 1or SPK013. There 

was significant difference in vine yield for FIN between SPK013 and Kenspot 1, and SPK117. 

Vine DM yield was significantly higher for INT total (3.6 and 5.0t DM/ha) as compared to FIN 

(2.3 and 4.2t DM/ha) for Kenspot 1 and SPK117 respectively. 

4.2 Tuber yield dry matter 

Table 3 shows effect of variety and harvesting regime on roots DM yield. For both INT and FIN, 

there was significant difference of tuber yield between SPK013 and both Kenspot 1 and SPK117, 

but there was no significant difference between Kenspot 1 and SPK117. Partial harvesting at 75d 

significantly reduced the root biomass yield for SPK013. Kenspot 1 and SPK117 also showed 

reduction in tuber dry matter yield, but the differences were not significant. SPK 013 had the lowest 

root DM yield (0.8 t DM/ha) for INT but the highest (2.0 t DM/ha) for FIN. INT had reduced tuber 

DM yield by 11, 60 and 16% for Kenspot 1, SPK 013 and SPK 117 respectively when compared 

to the respective FIN plots. 
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Table 3: Effect of variety and harvesting regime on tuber dry matter yield (t DM/ha) of 
three varieties of sweet potato. 

  Variety    

Days to Harvest Kenspot 1 SPK 013 SPK 117 sem P-value 

INT 1.6a 0.8b 1.6a 0.16 <0.001 

FIN 1.8ad 2.0c 1.9ad 0.19 <0.001 

sem 0.09 0.26 0.24 
  

P-value <0.001 
    

INT; Vines harvested at 75days and 150 days. FIN: Vines harvested at 150 days. 
abcMeans within the same row and column with different superscript are significantly different at P<0.05 

 

4.3 Effect harvesting regime on chemical composition 

The effect of harvesting regime on the DM, CP, NDF and ADF content of vines is shown in Table 

4. There were significant differences between varieties for both INT and FIN in DM, CP, and NDF. 

For ash content, significant differences were between Kenspot 1 and SPK013 (FIN) and between 

SPK013 and SPK117 (FIN). However, ADF did not show significant differences between the 

varieties in both INT and FIN. The harvesting regime had a significant effect on dry matter content 

where FIN resulted in higher DM as compared to INT for all the three varieties. There was a 

significant difference in DM content between the varieties where Kenspot 1 recorded the highest 

DM content (21.7% and 23.9%). The same trend was observed for ADF, NDF and ash where the 

contents were significantly higher for FIN as compared to INT. 

The CP content of the vines ranged from 19.2 to 27.2% and was significantly different between 

the two harvesting regimes for all the three varieties where FIN had lower CP values (P<0.05) 
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as compared to INT for all varieties. The CP content was also significantly different between the 

varieties, with SPK 013 having the highest content for both harvesting regimes. 

 
 

Table 4: Effect of variety and harvest regime on chemical composition of 
vines from three varieties of sweet potato. 

 Kenspot1 SPK013 SPK117   

Component INT FIN INT FIN INT FIN sem p-value 

DM 21.7b 23.9a 19.0c 20.7b 16.8d 20.9b 0.14 <0.001 

CP 25.0b 19.2e 27.2a 22.1c 26.6b 20.1d 0.06 
 

ADF 24.7a 32.3b 23.6a 33.3b 23.0a 37.2b 0.19 
 

NDF 35.8a 33.1c 36.7a 35.4ab 33.9bc 35.1ab 0.33 
 

ASH 9.2c 10.3bc 10.5bc 12.8a 9.2c 11.2b 0.12 
 

abcMeans within the same row with different superscript are significantly different at P<0.05 INT- 

harvested at 75 and 150 days after planting; FIN- harvested once at 150 days after planting 

 

 

 

4.4 Effect of amount of molasses and storage period on silage pH 

The effect of storage time and amount of molasses on the pH of the sweet potato vines silage is 

shown in Table 5. 

Mean pH value was significantly higher for silage with 0% molasses (4.56) as compared to silage 

with 2 and 4% molasses (4.08 and 4.04 respectively). Storage period influenced pH where there 

was decline in pH from the first sampling period of 7 d (4.27) to 21 d (3.99) where the pH stabilized 

from 28 d to 56 d. However, there was no interaction between storage period and amount of 

molasses. 
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Table 5. Effect of ensiling sweet potato vines with different amounts of molasses and different 
storage periods on pH. 

Amount of molasses  

Storage period (d) 0% 2% 4% mean sem p-value 

7 4.6 4.1 4.1 4.27a
 0.118 <0.001 

14 4.2 3.9 4.0 4.04b
 0.094  

21 4.3 3.8 3.9 3.99b
 0.098  

28 4.8 4.4 4.1 4.05b
 0.134  

56 4.9 4.2 4.1 4.07b
 0.165  

Mean 4.56a
 4.08b

 4.04b
    

sem 0.098 0.069 0.033    

p-value <0.001      
abcMeans within the same row and column with different superscript are significantly different at P<0.05 
 

4.5 Effect of amount of molasses and storage period on crude protein 

The effect of amount of molasses and storage time on CP content of the SPV silage is shown in 

Table 6. There was no significant (P<0.05) interaction effect between ensilage time and molasses 

amount on CP content. The CP content at 0% molasses silage treatment was significantly lower 

(16.25) compared with the 2% molasses having the highest CP content (18.25) with 4% being 

intermediate (17.03%). The CP content at 7 d storage period was the highest (19.54) and was 

significantly different from that at 21, 28, and 56 d but not to 14 d storage periods. The CP 

content at 56 d storage was significantly lower (15.62) than all other storage periods. 
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Table 6. Effect of ensiling sweet potato vines with different amounts of molasses and different 
storage periods on crude protein content (%DM). 

  Amount of molasses     

Storage period (d) 0% 2% 4% mean sem p-value 

7 19.94 19.92 18.75 19.54a
 0.460 <0.001 

14 19.18 18.45 17.92 18.52a
 0.806  

21 18.65 17.79 17.22 17.89b
 0.797  

28 16.47 17.71 15.68 16.62b
 0.580  

56 13.92 17.38 15.57 15.62c
 0.731  

Mean 16.25b
 18.25a

 17.03c
    

sem 0.432 0.311 0.418    

p-value <0.001      
abcMeans within the same row and column with different superscript are significantly different at P<0.05 

 

 

4.6 Effect of amount of molasses amount and storage period on NDF, ADF and ash 

The effect of amount of molasses and storage time on NDF, ADF and ash content of the SPV 

silage is shown in Table 7. The NDF content was significantly higher (32.83) for 0% molasses 

treatment as compared to 2 and 4% (30.6 and 27.7 respectively). The same was observed for 

ADF where it was significantly higher for 0% (31.62) molasses as compared to 2 and 4% (30.04 

and 28.53 respectively). However, there was no significant difference in ADF content between 0 

and 2% molasses inclusion amount. 

There was significant difference in ash content between the three amounts of molasses. 4% 

molasses had the highest ash content (10.06) compared to 2% (9.46) and 0% (8.98). The ash 

content increased as the silage storage period progressed and was lowest at day 7 (8%). 

For all the three parameters however, there was no interaction between storage time and amount 

of molasses. 
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Table 7. Effect of ensiling sweet potato vines with different amounts of molasses and different 

storage periods on neutral detergent fiber (NDF), acid detergent fiber (ADF) and ash content. 

 Storage 

period (d) 

Amount of molasses      

0% 2% 4% mean sem p-value 

NDF 
(%DM) 

 
7 

 
36.70 

 
36.39 

 
32.84 

 
35.31a

 

 
1.432 

 
<0.001 

 14 33.53 30.42 29.80 31.25b
 1.619  

 21 32.15 29.17 26.47 29.26c
 1.545  

 28 31.28 30.43 25.09 28.93c 0.844  

 56 30.49 26.53 24.5 27.17d
 1.456  

 mean 32.83a
 30.6b

 27.7c
    

 sem 1.497 1.749 1.379    

 p-value <0.001      

ADF 
(%DM) 

 
7 

 
33.01 

 
31.25 

 
30.01 

 
31.09a

 

 
1.470 

 
<0.001 

 14 32.25 30.05 29.80 30.10b
 0.893  

 21 32.05 30.42 29.00 30.09b
 0.756  

 28 31.64 29.93 26.47 29.01c
 1.171  

 56 29.15 28.53 27.35 28.30d
 0.894  

 mean 31.62a
 30.04a

 28.53b
    

 sem 1.308 1.349 0.828    

 p-value <0.001      

ASH 

(%DM) 

 
7 

 
6.25 

 
8.37 

 
9.40 

 
8.00c

 

 
0.594 

 
<0.001 

 14 7.91 9.44 10.38 9.24b
 0.457  

 21 9.61 9.28 9.38 9.42b
 0.116  

 28 10.30 9.88 10.31 10.16a
 0.159  

 56 10.83 10.32 10.85 10.67a
 0.151  

 mean 8.98b
 9.46c

 10.06a
    

 sem 0.564 0.237 0.204    

 p-value <0.001      
abcMeans within the same row and column with different superscript are significantly different at P<0.05 

 

4.7 Chemical composition of the basal diet and refusals 

The chemical composition of the basal diet for the two treatments are shown in Table 8. 

There were no differences in DM (P=0.47), Ash (P=0.48) or NDF (P=0.37) content between the 

offered Napier basal diet and refusals for either of the 2 treatments. There was a trend towards a 

lower CP (P=0.09) and higher ADF (P=0.10) in the refusals.  
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Table 8. Composition (g/Kg DM) of the Napier Grass (NG) basal diet and its refusals 

from Friesian cows supplemented with either Commercial Dairy Concentrate (CDC) or 

Sweet Potato Vine plus Wheat Bran (SPVSWB) 

 NG as fed NG refusals 

 
CDC 

NG refusals 

 
SPVSWB 

  

  
sem P-Value 

DM (g/Kg) 213.9a 281.6a 283.9a 13.44 0.47 

CP 79.1a 69.6a 70.7a 3.04 0.09 

NDF 615.7a 622.3a 631.6a 7.82 0.37 

ADF 414.5 a 432.9 a 431.7 a 6.45 0.10 

Ash 105.2a 94.3a 100.8a 6.25 0.48 
 
 

CDC: commercial dairy concentrate; SPVSWB: sweet potato vines silage plus wheat bran 

abc Means within the same row with different superscript are significantly different at P<0.05 
 

4.8 Chemical composition of the treatment diets 

The DM, Ash, CP, NDF and ADF content of the different diets and diet ingredients are shown in 

Table 9. The SPVSWB was lower by almost half the DM content of CDC, with NDF and ADF 

almost twice on a DM basis. They were however similar in CP and ME content (Table 9). 
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Table 9. Composition (g/Kg DM) of Commercial Dairy Concentrate (CDC), Sweet Potato 

Vine Silage (SPVS), Wheat Bran (WB) and Sweet Potato Vine Silage plus Wheat Bran 

(SPVSWB). 

 CDC SPVS WB SPVSWB   

DM (g/Kg) 868.2  240.2  870.0  450.1    

Ash (g/Kg) 69.4  112.0  56.1  93.4   

CP (g/Kg) 153.6  171.0 124.4  137.3   

NDF (g/Kg) 227.9  427.0  352.0  402.0    

ADF (g/Kg) 119.0  294.0  226.3  271.4   

ME (MJ/Kg DM) 12.5  9.7  11.8  11.1   
 
 

CDC: commercial dairy concentrate; SPVSWB: sweet potato vines silage plus wheat bran 

 

 

4.9 Effect of supplementation on milk yield, live weight change and feed intake 

The effect of supplementing lactating cows with either commercial concentrate or sweet potato 

vine silage is shown in Table 10. There were no differences in live weight (LW) (P = 0.41) or parity 

(P = 0.18) between animals fed on sweet potato vine silage plus wheat bran (SPVSWB) and 

commercial dairy concentrate (CDC). However, there were significant differences in daily milk 

yield (DMY) between treatments (CDC and SPVSWB) and between treatment periods (early and 

late lactation). 
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Table 10. Milk yield (DMY) (Kg/d), live weight change (LW) (Kg), dry matter (DMI), 

crude protein (CPI), neutral detergent fibre intake (NDFI) of dairy cows fed various diets 

 Late lactation  Early lactation   

 
CDC SPVSWB CDC SPVSWB sem P- value 

DMY (Kg/d) 7.50a 6.18b 16.04c 14.16d 0.160 <0.001 

LW 𝛥 (Kg) 3.14a 3.30a 0.38ab -1.42b 0.702 <0.001 

DMI (Kg) 13.53 a 11.34 a 12.97 a 11.07 b 0.390 0.003 

CPI (Kg) 1.53 a 1.45 ab
 1.48 ab

 1.35 b 0.032 0.010 

NDFI (Kg) 5.97 ab
 6.40 a 5.62 ab

 5.01 b 0.249 0.002 

CDC: commercial dairy concentrate; SPVSWB: sweet potato vines silage plus wheat bran 
abcMeans within the same row with different superscript are significantly different at P<0.05 

 

 
 

Daily milk yield (DMY) was significantly lower in late lactation (LL) than in early lactation (EL) 

for the two treatment groups (7.5 vs 16.04 for CDC and 6.18 vs 14.16 for SPVSWB in late and 

early lactation respectively). Comparison between treatments also showed that DMY was higher 

for CDC than for SPVSWB for both periods, (Table 8), and there was no interaction effect 

between treatment and the stage of lactation (P = 0.75). Live weight change for SPVSWB in early 

lactation was different from other treatment groups in late lactation but similar to CDC in early 

lactation, but dry matter intake (DMI) was lower for SPVSWB than CDC in both late and early 

lactation. 

4.10 Energy balance 

The ME intake estimated ME expenditure and ME balance for the experimental cows is shown in 

Table 11. Calculated energy intake and expenditure for all treatment groups indicated that both 

groups of cows were in a significant positive energy balance in late lactation, and that this surplus 

was similar for both diets which is consistent with the observed weight gains for both groups during 
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the same period. Similarly, both CDC and SPVSWB were in slightly negative energy balance 

during early lactation, mediated by reduced energy intake and greatly increased DMY (Table 11). 

The liveweight change results in Table 11 showed marginal weight gain for CDC and weight loss 

for SPVSWB diet during the early lactation period. 

 
 

Table 11. Mean metabolizable intake (MJ/d) and metabolizable energy requirement (MJ/d) for 

maintenance, weight change and lactation of dairy cows. 

 Late lactation Early lactation   

 
 

Item 

 
 

CDC 

 
 

SPVSWB 

 
 

CDC 

 
 

SPVSWB 

 
 

sem 

p-value 

 
 

ME intake (MJ/d) 

 
 

131.3 a 

 
 

123.3 a 

 
 

127.1a
 

 
 

109.8 b 

 
 

3.05 

 
 

<0.001 

ME expenditure MJ/d) 
      

Maintenance 43.6 43.2 42.0 40.2 
  

Lactation 40.4 32.2 86.2 76.3 
  

LW 𝛥 18.2 17.7 2.9 -1.6 
  

TOTAL 102.2 a 94.1 a 131.1 b 115.4 ab
 4.48 0.002 

ME balance (MJ/d) 29.1 a 29.2 a -4.0 b -5.7 b 1.43 <0.001 

CDC: commercial dairy concentrate, SPVSWB: sweet potato vine silage with wheat bran. abcMeans within 

the same row with different superscript are significantly different at P<0.05
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4.11 Gross margins of milk 

 

The gross margin analysis of milk production using the 2 types of supplements during early and 

late lactation is shown in Table 12. The cost of the dietary supplement was significantly (p<0.01) 

higher for CDC as compared to SPVSWB. However, gross margin of supplement per Kg of milk 

produced was significantly (P<0.01) higher in SPVSWB (Ksh. 3.8 and 28.2) than CDC (Ksh. -4.8 

and 21.9) for late and early lactation respectively. 

 

 
 

Table 12. Gross margins (Ksh.) of milk produced by lactating cows in early and late lactation. 

 Late lactation Early lactation   

 
CDC SPVSWB CDC SPVSWB sem P-value 

Milk yield (Kg) 7.5a 6.2b 16.0c 14.0d 0.16 <0.002 

Feed cost/L (Ksh.) 49.8a 41.2b 23.1c 16.8d 0.51 <0.001 

Gross margin/L (Ksh.) -4.8a 3.8b 21.9c 28.2d 0.57 <0.001 
 
 

CDC: commercial dairy concentrate, SPVSWB: sweet potato vine silage with wheat bran 
abcMeans within the same row with different superscript are significantly different at P<0.05 

 

4.12 Milk composition 

The fat, SNF, lactose, protein and TS content of milk from the experimental cows is shown in Table 

13. 
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Table 13. Milk composition (%) of cows supplemented with fixed level of either Commercial 

Dairy Concentrate (CDC) or Sweet Potato Vine plus Wheat Bran (SPVSWB) 

 Late lactation Early lactation   

Milk component (%) CDC SPVSWB CDC SPVSWB sem p-value 

Fat 4.1a 3.8a 3.4b 3.2b 0.24 0.02 

SNF 8.3 7.4 8.5 7.7 0.42 0.35 

Lactose 4.6 4.1 4.7 4.3 0.28 0.35 

Salts 0.7 0.6 0.7 0.6 0.04 0.38 

Protein 3.0 2.7 3.1 2.8 0.18 0.34 

Total solids 12.1 11.5 11.9 10.9 0.56 0.57 

abcMeans within the same row with different superscript are significantly different at P<0.05 

 
 

Butter fat content was not significantly different (p>0.05) between the treatments within the same 

lactation periods. However, for each treatment, the fat increased significantly (p<0.05) from early 

to late lactation. All other milk components did not show any significant difference between 

treatment groups within or between the two lactation stages. However, there were trends towards 

lower levels of milk components in SPVSWB as compared to CDC in both LL and EL. For 

instance, protein was lower for SPVSWB (2.7%) as compared to CDC (3.0%) in late lactation. The 

same trend was observed in early lactation where the protein content was 2.8% and 3.1% for 

SPVSWB and CDC respectively. 



77  

5.0 DISCUSSION 

5.1 Effect of harvesting regime on dry matter yield and nutrient content of dual-purpose 

sweet potato varieties. 

There were variety differences in vine production for INT (3.6, 7.3 and 5.0 t DM/ha for Kenspot 

1, SPK013 and SPK117 respectively) and FIN (2.3, 5.6 and 4.2 t DM/ha for Kenspot 1, SPK013 

and SPK117 respectively) (Table 2). These results were within the range of reported vine DM yields 

in earlier studies; 1.4-8.3 t/ha (Pedrosa et al. 2015) at 230 days after planting, 3.7-7.4 t/ha (Viana 

et al. 2011) at 180 days after planting; and 4.2-7.9 t/ha (Dornas 2012) at 150 days after planting. 

However, the current results were higher than 3.05-4.95 t/ha (Andrade Júnior et al. 2012) at 163 

days after planting. This difference between the varieties implied that the accumulation of dry 

matter varied between varieties at different growth stages (Miron et al. 2006). Vine DM yield of 

vines harvested at 230 days was within the range of yield at 150 days suggesting that beyond 150 

days, the vine dry mass accumulation slowed down probably due to loss of leaves (Pedrosa et al. 

2015). 

The vine dry matter production for INT at 75 and INT at 150 days after planting were both lower 

than yield of FIN for all varieties except Kenspot 1. (Table 2). This was consistent with Ahmed et 

al. (2012) who reported that harvesting vines at 105 days yielded 15 and 12% more than harvesting 

at 45 and 75 days after planting respectively. However, the cumulative harvesting (INT total) yields 

were higher than single harvest (FIN) for all the varieties by 60, 16 and 11% for SPK013, 

SPK117 and Kenspot 1 respectively. 

The increase in vine dry matter (DM) yield for FIN (Table 2) as compared to individual harvests 

for INT (75 and 150 d) was probably due to the vines being left to grow continuously over a longer 
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time thus accumulating more DM. This gave the vines sufficient time for leaf growth thus 

enhancing photo-assimilation leading to stemming (Ahmed et al. 2012). For INT, the vines were 

not allowed enough time to recover between the 75 d harvest and the final harvest at 150 d as 

suggested by (Olorunnisomo 2007). As the plant progresses with age, moisture content reduces 

while the cell content increases leading to increase in DM content (Marković et al. 2012). It could 

also be due to reduced vine length and a smaller number of leaves per plant, because, removal of a 

photo-synthetically active portion of sweet potato as early as 4 weeks after planting had a 

suppressing effect on the vine length (109.5 cm/ plant) as compared to zero pruning (218.5 cm/ 

plant) (Aniekwe 2014). However, in other cases, dry matter yield has been reported to decrease 

with longer harvesting intervals. Miron et al. (2006) reported that this was probably due to 

depletion of water-soluble carbohydrates especially for plants under water stress. But because 

water was not a limiting factor in the current study, dry matter accumulation continued until 150 

days after planting. 

The cumulative vine DM yield for INT from the two harvests (75 and 150 d) was higher by 57, 13 

and 19% for Kenspot 1, SPK013 and SPK117 respectively compared with the single harvest (150 

d) in FIN plots (Table 2). This was comparable to 20-49% increase in fresh vine production 

reported by Gomes and Carr, (2001) when harvesting frequency increased from one to four times 

a season. This could be because, as age progresses, biomass production reaches an optimum point 

beyond which it decreases part (Frankow-Lindberg and Lindberg 2003). Part of this decline is due 

to photosynthates being redirected to production of tuber at the expense of vines. In an experiment 

on harvesting intervals, harvesting vines at short intervals of 20 d resulted to 36% higher vine DM 

yield as compared to a single harvest at 120 d (An 2004). This was because at 120 d, many leaves 
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were senescent and some of them had dried off. However, these results were in contrast to those 

reported by Kiozya et al. (2001), that there was improved vine yield with longer cutting interval. 

Delayed harvesting of vines resulted to higher vine yields, probably due to partitioning of the 

accumulated carbohydrates towards regeneration of new leaves (Ahmed et al. 2012). 

Tuber dry matter yield ranged between 0.8 and 1.6 t DM/ ha for INT and 1.8 to 2.0 t DM/ha for 

FIN (Table 3). This was 11, 16 and 60% reduction of tuber DM yield for Kenspot 1, SPK117 and 

SPK 013 respectively, for INT compared to FIN. The yields for Kenspot 1 and SPK117 were 

comparable to Ahmed et al. (2012) who reported that harvesting vines at 45 and 75 d after planting 

decreased tuber root yields by 10 and 7% respectively, compared to those whose vines were not 

partially harvested. They were also within the range reported by An et al. (2003) that, removal of 

up to 50% of the vines at 30 days reduced tuber production by about 20% while greater proportion 

of defoliation reduced tuber yield by up to 50%. In the same study, it was shown that the effect of 

partial harvesting was higher on tuber than leaf yield. The higher reduction in SPK013 was 

comparable to a study in Nigeria, where root yield was found to decrease by 31-48% by removing 

the vine tips, while removing the whole vines led to root yield decrease of 54-62% (Dahniya et al. 

1985). The same study reported that frequency of vine harvesting influenced roots production by 

reducing the marketable root yield by 58% (from 18.8 to 7.9t DM/ha). Aniekwe, (2014) also 

reported a reduced weight (3.73 Kg) of root tuber per plant when the vines were pruned as 

compared to 5.06 Kg with no pruning. 

Variety SPK013 tuber yield was 2.0 t DM/ha compared to 1.8 and 1.9 for Kenspot 1 and SPK 

117 (Table 3). This was comparable to 2.9 t DM/ha and 3.0t DM/ha reported by Mwololo et al. 

(2012) for varieties 440015 and K135 respectively. However, it was lower than 5.4 and 4.3 t 

DM/ha reported by for varieties SPK013 and SPK004 respectively (Mcharo and Ndolo 2013). The 
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higher tuber yield of SPK013 in this study could be attributed to the genetic makeup of the plant 

(Mwololo et al. 2012), which could lead to localization of genes responsible for increase in number 

and weight of tubers (Esan and Omilani 2018). However, despite having the highest tuber 

production for FIN (2.0 t DM/ha) as compared to 1.9 and 1.8 t DM/ha for SPK117 and Kenspot 1 

respectively, SPK013 production for INT was 50% (0.8 t DM/ha) of that of Kenspot 1 and SPK 

117 (1.6 t DM/ha each). This resulted to the highest tuber reduction (60%) after partial harvesting 

(INT) as compared to 16 and 11% reduction for SPK117 and Kenspot 1 respectively. This was 

consistent with earlier findings that the highest yielding varieties are the most susceptible to 

stress caused by water shortage, disease and defoliation (Gibson and Aritua 2002). This could 

explain why most farmers continue to grow local varieties that are less susceptible to stressful 

conditions. However, this can be an objective for sweet potato breeding programs, to develop 

varieties that are both high tuber yielding and tolerant to vine defoliation. 

The lower tuber production for INT could be attributed to the partial harvesting at 75 d, which 

reduced the leaf surface area, thus lowering the photosynthetic activity in the plant. This affected 

tuber growth as 90% of the tuber weight is reported to be contributed by the photosynthetic 

outputs (Paradiso et al. 2019). Root tuber weight change is as a result accumulation of 

photosynthesis products, leading to increase in cell number, size and thus weight (Placide et al. 

2015). The photosynthesis process takes place in the leaves and therefore apical shoot harvest of 

the vines has been reported to reduce tuberous root yield significantly (Mark and Korpu 2020). 

Tuber initiation in most varieties is reported to occur between 14 and 56 days after planting and 

any kind of vine removal 70 days after planting affects tuber development (Olorunnisomo 2007). 

However, in contrast Ahn (1993) reported that root tuber initiation occurs between 50- 60 days 

after planting and any pruning done after this time may not have serious effects on the root yield. 

In the current study, it is possible that dry matter accumulation was redirected to leaf regeneration 
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when the vines were cut at 75 days, at the expense of the roots. After cutting the vines, the three 

varieties could have channeled most of their photosynthetic products into the shoots for vine 

regeneration (Kathabwalika et al. 2013). It is for this reason that the decision on whether and when 

to do partial harvesting, should be influenced more by the need for tuber production. In an ideal 

situation, sweet potato vines should not be removed until the tubers are harvested for the best tuber 

yields. However, in most of the smallholder farms, partial harvesting is necessitated by animal 

fodder shortages (Kabirizi et al.) and has to be done for the sake of fodder for animals. Under 

these circumstances, it is suggested that the vines should be harvested when the plant has 

completed about 60% of its growth phase in order to increase herbage for animal feed without 

compromising tubers yield (Ahmed et al. 2012). In an earlier study, the partial harvesting was 

suggested not to be later than 28 days after planting (Nwinyi 1992) but in a more recent study, 

partial harvesting for dual purpose sweet potato can be done as late as 84 days after planting 

(Aniekwe 2014). In several studies, it was shown that vine yield was little affected by partial 

harvesting, and therefore, effect on tuber should be the main factor to consider when harvesting 

SPV for animal fodder (Dahyniya, 1981; Nguyen and Bautista, 1999). Roy and Ravi (1990) in 

India reported that during the rainy season, defoliation of 15cm vines at 2 months after planting, 

had no effect on the root yield. The study argued that increased tuber yield is not always 

associated with high vine production. The same study further concluded that if vines are not 

pruned, they grow vigorously producing large quantity of leaves at the expense of tubers. This 

means therefore that; it is necessary to harvest the top part of the vines for animal fodder. 

From the results on vine and tuber yield (Table 2 and 4), variety SPK117 and Kenspot 1 had a 

better balance between vine production for fodder through partial harvesting and tuber production 

for human consumption. This is because when partially defoliated, SPK117 and Kenspot 1 lost 16 

and 11% of tuber production as compared to 60% lost by SPK013. For INT, SPK 117 produced 
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38.9% more in total vine production compared to Kenspot 1. It is for this reason that we recommend 

variety SPK117 if animal fodder shortages necessitate partial harvesting. 

Results in Table 4 indicated that defoliation influenced quality properties of vines in all the three 

varieties studied. Dry matter (DM) of vines varied among the varieties from 16.8-21.7% for INT 

and 20.7-23.9% for FIN (Table 4). This was within the ranges (17.3% and 17.4-24.4%) reported 

by Weldegeriel, (2007) and Pedrosa et al. (2015) respectively. However, this was below the range 

of 24.7% recommended for silage making (Atis et al. 2012) necessitating the vines to be wilted 

prior to silage making. 

DM was significantly higher for FIN ranging from 20.7-23.9% than INT which ranged from 16.8- 

19.7% across all the three varieties (Table 4). Dry matter accumulation in vines is one of the most 

important measure of adaptability to stress conditions, in this case vine defoliation. In the current 

study variety Kenspot 1 had the highest DM even after partial harvesting (21.7%), as compared to 

SPK 013 (19.0%) and SPK 117 (16.8%). This could have indicated that Kenspot 1 was more 

resilient to defoliation than the other varieties. At 150 days after planting (FIN), Kenspot 1 still 

recorded the highest DM content of 23.9% as compared to 20.7 and 20.9% for SPK013 and SPK017 

respectively. This could mean that the variety had wide adaptability or specific adaptability for the 

region of study, which gave it a better genotype by environment interaction (Abidin et al. 2005). 

DM is very critical as it affects voluntary feed intake in forages and it varies due to various factors, 

among them variety, climate and soil types (Manrique and Hermann 2002). When below 20% in 

forages, it is reported to lead to increased water content in the rumen, limiting feed intake (Zereu 

et al. 2014). This is very critical especially for vines used for ensiling as low DM would require 

wilting or additives. However, the low DM could be an advantage in some situations, for 

instance, a study on goats showed that low DM levels in sweet potato vines could reduce water 
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requirements in area with severe water shortages (Zereu et al. 2014). 

The crude protein (CP) content of the different SPV varieties (Table 4) harvested at different times 

ranged from 19.2 to 27.2% and were within values reported in several studies. Variety AB95002 

harvested at 60 days after planting had CP content of 29.8% (Frankow-Lindberg and Lindberg 

2003) while Kenspot 1 and 2 had 23.7 and 19.2% CP respectively, both varieties harvested at 120 

days (Kenana 2016). This level of CP implies that the three varieties could be potential high protein 

forages which could be used to supplement low quality forages fed to livestock. The differences 

in CP content among the varieties could be attributed to the genetic differences between the 

varieties, or variations that sweet potato varieties exhibit in the leaf to stem ratio (Frankow-

Lindberg and Lindberg 2003), (although this was not part of the results reported) in this study. It 

could also be due to differences in leaf cell wall contents and stem botanical fractions (Larbi et 

al. 2007b). 

The average vine CP content for the different vine harvesting regimes showed significant 

differences for INT and FIN. As shown in Table 6, CP for FIN was lower by 23.2, 18.8, and 24.4% 

compared to INT for varieties Kenspot 1, SPK013 and SPK117 respectively. This agreed with 

Olorunnisomo (2007) that harvesting vines at 150 days after planting yielded lower CP content 

(20.1%) as compared to 26.7% for those harvested at 28 days after planting. In a similar study, An 

et al. (2003) reported reduced CP content in vines harvested 120 days (25.5%) after planting, 

compared to 29.8% for those harvested earlier at 60 days. This was reported to be as a result of leaf 

senescence and other leaves dropping off as the vines progressed in maturity (Larbi et al. 2007a). 

The difference in CP content between the two harvesting regimes could also be due to the fact that, 

crude protein of sweet potato vines decreases when cutting intervals are long as reported in earlier 

studies (Olorunnisomo 2007). This could be because frequent vine harvesting results to younger 

vines which are high in CP. A different study suggested that there could be dry matter redirection 
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towards protein accumulation when vines were cut frequently, but when the vines were left to 

uncut, fibre accumulated, at the expense of fiber content (Issa 2015). Another possible 

explanation for the higher CP for INT as compared to FIN could be because dry matter 

accumulation occurs in the first few weeks of growth (Yeng et al. 2012). As the vines age, there 

is reduced nutrient uptake and, in some cases, further growth resulted in even more nutrient 

reduction (Kathabwalika et al. 2013). 

The NDF content ranged between 33.1 to 36.7 across all the three varieties which was lower 

compared to other studies (Table 4). For instance, Olorunnisomo, (2007) reported NDF content 

of 44.5, 46, 48 and 49 g/Kg for vines harvested 4, 6, 8 and 10 weeks after harvesting respectively. 

Pedrosa et al. (2015) reported NDF level of 46.6 g/Kg from fifteen cultivars of sweet potato vines 

that were harvested after 230 days. The difference could have been due to differences in the 

harvesting time, where more mature vines tend to have higher cell wall content, and varietal 

differences where some varieties have higher leaf to stem ratio (Larbi et al., 2007b). The NDF 

content reported in this study was below the maximum recommended level by Van Soest (1994), 

of 60% beyond which there would be a significant reduction voluntary feed intake by animals. 

The NDF content for FIN was higher (36.7, 35.8 and 35.1%) as compared to INT (33.1, 33.9 and 

35.4) for Kenspot1, SPK013 and SPK117 respectively. This was in agreement with Olorunnisomo, 

(2007) who reported an increased NDF content (49%) for the vines left uncut as compared to 44.5% 

for vines cut at 4 weeks after planting. This could be due to increase in concentration of cell wall 

component with maturity (Etela et al. 2009). The fibre content of tropical forages is reported to be 

lower when harvested at an earlier age as compared to late harvesting (Phuc and Lindberg 2001). 

The NDF content in the roughage feeds plays an important role of maintaining rumen health and 

improving feed conversion in ruminants (Tekce and Gül 2014). It is also an important source of 

metabolizable energy in ruminants and promotes rumination and saliva production, which lowers 
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pH to the appropriate levels in the rumen (Maktabi et al. 2016). However, NDF levels in the diets 

have to be within the recommended limits as it affects both forage digestibility and animal 

capacity to consume the forage (Harper and McNeill 2015). Dry matter intake is reported to 

increase with increase in NDF content in feed (Arelovich et al. 2008) but beyond 45.8% DM 

intake decreases. This is reported to be more important when feeding temperate forages such as 

sweet potato vines to high yielding animals. The reduced intake is reported to be as a result of 

rumen fill (Harper, 2015) and the indigestible component of NDF that is unavailable to rumen 

microbes (Huhtanen et al. 2006). This limits the ability of the animal to consume enough feed to 

meet nutrient requirements, leading to reduced productivity. 

The ADF content ranged from 23.0 to 24.7 and 32.3 to 37.2% for INT and FIN respectively 

across all the three varieties (Table 4). This was slightly higher than the range reported by 

Olorunnisomo (2007) (25.5 to 30.5%), and 34.7% reported by Pedrosa et al. (2015). The ADF 

content in the current study could be higher than the reported studies because of varietal 

differences and differences in harvesting time. The ADF content of INT was significantly lower 

than FIN across all the three varieties (23.0 to 24.7 and 32.3 to 37.2% for INT and FIN 

respectively), which was slightly higher but comparable to Lam, (2016) who reported ADF 

content of 20.7% for vines harvested 80 days after harvesting. However, the results of this study 

showed lower ADF content compared to a study by Ali et al. (2015), where ADF content ranged 

from 34.9 to 40.3% when vines were harvested at 70 days and 46.5 to 52.6% when vines were 

harvested at 110 days. Vines harvested at 150 days (FIN) had higher ADF content compared to 

FIN probably due to accumulation of cell wall content as the vines progressed in age (Ali et al. 

2016). This increase in cell wall content is reported to be detrimental to organic molecules that 

are actively involved in metabolic processes resulting to reduction in organic compound levels 

(Monção et al. 2016). Cutting interval in vines is reported to influence composition of cell 
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constituents, with influence varying with phenological stage of the plant (Pena et al. 2009). 

The ash content shown (Table 4) ranged between 9.2 to 12.8% of DM across all the three varieties, 

which was comparable to 13.5% reported by An, (2004) and 8.7-11.6% reported by Oduro, (2008) 

but lower than 17.8% reported by Farrell et al. (2000). However, in the Farrell et al. (2000) study, 

the high ash content was suspected to be as a result of soil contamination. In a study on legumes, 

Hoffman (2005) reported that normal ash content should border around 9% and forages 

containing 10- 18% are highly likely to be contaminated with soil. Soil contamination leads to 

exogenous minerals such as silica (Hoffman 2005), which negatively affects palatability and 

forage digestibility (Mayland and Shewmaker 2001). It is for this reason therefore that feed 

rations should contain as little soil contamination as possible. The soil contamination theory could 

also explain the relatively higher ash content in FIN as compared to INT across the three varieties 

in the current study. For INT, ash content ranged from 9.2 to 10.5% of DM as compared to 10.3 

to 12.8% of DM for FIN (Table 4). This difference in the two harvesting regimes could be due to 

the fact that FIN stayed longer in the field before harvesting which could lead to more exposure 

to soil contamination than INT. It could also be due to higher deposits of mineral elements in the 

leaves (Owusu et al. 2008) for FIN as the vines stayed in the field for longer period compared to 

INT. 

The ash content in forages is important because it is an indication of mineral contents preserved in 

the plant. These minerals are of nutritional value to animals and reduce the need for 

supplementation in the diets (Hoffman 2005). 

5.2 Effect of amount of molasses and storage period on silage quality of sweet potato vines. 

The amount of molasses had a significant effect on the pH of the SPV silage where the mean pH 

of 0% amount of molasses was the highest (4.56), compared with 4.08 and 4.04 for 2 and 4% 

molasses (Table 5). In agreement, An and Lindberg, (2004) reported pH of 4.35, 4.21 and 3.98 
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when sweet potato vines were ensiled with 0, 3 and 6% molasses respectively, while Kaya and 

Caliskan, (2010) reported pH of 3.68, 3.35 and 3.46 when sweet potato vines were ensiled with 0, 2 

and 4% molasses respectively. Silages from different forages have been reported to have different 

pH. Kung Jr, (2018) in a review reported that pH of legume silages below 35% DM was 4.3-4.5, 

grass silages of 25-35% DM was 4.3-4.7 and 3.7-4 for corn silage 30-40% DM. 

Silage pH is one of the most important factors in maintaining long term stability of silages (Kung 

Jr et al. 2018), and is often used as a parameter to evaluate silage quality (Kaya and Caliskan 2010). 

During silage making, the fermentation process that occurs determines how fast the pH will drop, 

which can have an effect on nutrient loss which can later influence the feed intake in animals 

(Oladosu et al. 2016). The success of the fermentation process is indicated by the production of 

acids to reduce the pH and it affects the quality of the silage. 

When low pH is achieved, it decreases plant enzyme activity and slows the proliferation of 

clostridia and enterobacteria (Muck 2010). The pH of silage is affected by several factors among 

them DM content. Above DM of 40-45%, pH increases due to decrease in water available for the 

lactic acid bacteria growth (Whiter and Kung Jr 2001). Other factors include concentration of 

water-soluble carbohydrates (Downing et al. 2008) and buffering capacity of a crop, mostly 

legumes high in protein and ash content (Kung Jr et al. 2018). 

The high pH for 0% molasses was probably due to low amount of fermentable substrates present 

in SPV, low dry matter content and high buffering capacity (Hadgu et al. 2015). Generally, tropical 

forages have low DM and low WSC content leading to poor fermentation during ensiling 

(Muhlbach 2000). For silage fermentation to be successful, the ensiling material should contain 

enough WSC level of 60 to 80g/Kg DM (Amer et al. 2012). Several studies have reported 

varying levels of WSC content in SPV ranging from 42 g/Kg (Donas 2012) to 52 g/Kg of DM 

(Pedrosa et al. 2015). This is further reduced by wilting where WSC are reported to be reduced 
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due to consumption of sugars by fungi and yeast during wilting process (Santos et al. 2010). 

Inclusion of molasses, which has been reported to contain WSC of up to 62.3% DM (Palmonari et 

al. 2020), could help in improving the WSC content in SPV silage. WSC are fermented by lactic 

acid bacteria into lactic acid, reducing the pH of the silage which in turn inactivates the spoilage 

bacteria (Bautista-Trujillo et al. 2009). Without additives, it takes long (up to 45 days) in low 

WSC forages such as SPV, for population of lactic acid producing bacteria to peak (An and 

Lindberg 2004)and that could be the reason for the high pH level in 0% molasses silage. This 

delay is a prerequisite for low quality silage which can lead to spoilage. 

The results on the effect of storage on pH (Table 5) show that pH dropped significantly from 4.27 

at day 7 to 4.04 at day 14 of storage, and thereafter stabilizing through day 56 (Table 5). This 

downward trend agrees with Der Bedrosian et al. (2012) that pH of corn silage decreased from 5.77 

to an average of 3.72 after 45 days of ensiling. The same study reported an increase in lactic acid 

from 0.98% at day 45 to 1.71% at day 360 which implies that pH reduces further even in longer 

storage of silages. The results also agree with An and Lindberg, (2004) who reported a reduction 

of pH from 5.93 to 3.9 between day 0 and 14 of ensiling sweet potato vines mixed with 3% 

molasses. During the silage storage period, the fermentation phase is reported to last between 7 and 

45 days (Kung Jr et al. 2018). During this period, lactic acid bacteria ferment soluble sugars to 

produce lactic acid that lowers pH leading to reduction and eventual stoppage of active metabolic 

processes (Der Bedrosian et al. 2012). However, studies by Kleinschmit, (2006) and Hermann, 

(2011) reported reduction in lactic acid and increase in acetic acid concentration for prolonged 

storage periods as compared with silages stored for a few days (Kleinschmit and Kung Jr 2006; 

Herrmann et al. 2011). This could be because some strains of lactic acid bacteria are known to 

utilize lactic acid anaerobically when sugars in the silage become limiting. 

There was 6.7% decline of mean CP content between 0% and 4% amount of molasses (Table 6), a 
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trend that agreed with Kim and Adesogan, (2006) who reported 19% reduction in CP quantity in 

corn silage when moisture level was increased by 4 mm of water. In another study, same trend 

was observed where CP in orchard grass silage reduced by 11.2%, when DM was reduced from 

44.29 to 20.35% (Yahaya et al. 2002). This could be because of higher moisture content in the 

4% amount of molasses as compared to 2%, which agrees with previous studies that high 

moisture content affects nutrients in silages. High moisture content encourages clostridia 

proliferation that causes proteolysis which leads to excessive protein degradation, and utilization 

of other nutrients such as water-soluble carbohydrates (Kim and Adesogan 2006). This situation 

is made worse when the high moisture silages are ensiled for longer time. 

The low CP (16.25%) in the 0% molasses inclusion could be as a result of protein break down as 

a result of increase in silage temperature, due to low fermentable sugars content (Adesogan and 

Newman 2010). When WSC are not adequate, fermentation does not start early enough leading to 

proliferation of the spoilage bacteria (Adesogan and Newman 2010). The action of these bacteria 

plus continued respiration process of the plant cells produces heat that increases silage temperature 

leading to deterioration of proteins (Adesogan and Newman 2010). 

Storage period significantly affected the quality of silage. Beyond 21 days, pH, CP, NDF, ADF 

and ash which are the main quality indicators in silage, showed decline in quality. CP decreased 

from 19.54 to 15.62% from 7 to 56 days of storage period, which could be as a result of bacterial 

deamination of amino acids. The deamination is reported to be indicated by increase in ammonia- 

N over time, which would be lost through silage effluent. A steady increase of ammonia-N from 

5.7 to 8.2% of N in sweet sorghum ensiled between 30 and 120 days has been reported (Naeini et 

al., 2014). An and Lindberg, (2004) also reported an increase of ammonia-N from 1.13 to 3.8% of 

N, when sweet potato leaves were ensiled for 56 days. The decreased protein content could also be 

due to degradation of proteins in the silage due to solubilization by lactic and acetic acid (Hoffman 
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et al. 2011). McEniry et al. (2011) reported that prolonged silage storage of 18 compared to 7 

months had a negative impact on quality, especially in low DM forages such as SPV. This 

resulted to reduced lactic acid leading to loss of DM and development of visible molds. The study 

indicated that, for prolonged storage, the silage should be well compacted covered to prevent air 

ingress during the storage period. However, other studies have reported increase in CP 

digestibility. In a study by Newbold et al. (2006), there was increased soluble N content of corn 

silage with longer storage period. This was due to proteolytic activity in high moisture forages 

over extended periods of ensiling (Hoffman et al. 2011). 

The storage period is therefore a crucial parameter in quality silage production (Mohd-Setapar et 

al. 2012). In most farms, the storage period of silage depends on the purpose of silage making. In 

some cases, it can be few months if the silage is made from high quality fodder that is only available 

at a particular time of the year or, long term, if the silage is to supply fodder during periods of 

shortage that may occur annually or over a number of years (Mannetje 2000). Panyasak, (2014) 

recommended that for favorable silage quality, the minimum period for storage is 30 days before 

feeding to the animals. 

The NDF content decreased by 23.1% as ensiling period progressed from 7 to 56 days (Table 7). 

This decrease was consistent with Naeini et al. (2014) who reported decrease in NDF (544 to 495 

g/Kg DM) of sweet sorghum silage stored between 30 and 120 days, and Yahaya et al. (2001) 

who reported a decrease from 50.3 to 43.9% in orchard grass silage stored for 91 days. The same 

study reported a considerable loss of hemicellulose and pectin fractions in alfalfa and orchard 

grass silage. This could be as a result of degradation of the cell wall by cellulase and 

hemicellulase enzymes and/or production of organic acids during fermentation (Yahaya et al., 

2001). The organic acids may have led to acid hydrolysis which caused degradation of 

hemicellulose, resulting to reduced fibrous fraction of the silage (Der Bedrosian et al. 2012). This 
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degradation is also reported to substantially increase NDF digestibility with increased storage 

time especially in corn silages (Hallada et al.2008). 

The ADF content reduced from 31.09 to 28.3% from day 7 to 56 of silage storage across all 

amounts of molasses (Table 7). These results compare well to Yahaya et al. (2002) who reported 

a decrease of ADF content from 31-29% and 27-26% in low and high moisture grass silage 

respectively stored for 90 days. Ayako et al. (2000) reported 10% ADF loss during the first 21 

days and 2% during 21 to 91 days of ensiling high moisture lucerne. The reduction in ADF was 

probably due to increased microbial activity during the storage period that increases loss of 

cellulose, a content of ADF (Yahaya et al. 2002). 

The ash content showed a steady increase from 8 to 10.67%, an increase of 33.4% for a storage 

period of 56 days. The trend was consistent with other studies which reported increase in ash 

content as the storage period increased. For instance, Weinberg and Chen, (2013) reported 49-56% 

increase in ash content for silage stored for 90 days. However, this trend was inconclusive as 19% 

decline was reported in corn silage stored for 90 days (Saricicek et al. 2016). Ash content increased 

with increase in amount of molasses where the results indicated 8.98, 9.46 and 10.06% for 0, 2 

and 4% molasses inclusion. This could have been due to mineral content in molasses. A study on 

16 samples of cane molasses reported average ash content of 13.1% (Palmonari et al. 2020). 

From this study, it is evident that initial stages of ensiling showed good fermentation characteristics 

for both 2 and 4% molasses, indicated by low pH and high protein content. This may be attributed 

to availability of sufficient fermentable substrates for lactic acid bacteria as compared to the silage 

with no molasses added. However, as the storage period progressed, there was a trend of 

reduction in quality. The reason for this could have been decrease in WSC at later stages of 

ensiling. Naeini et al. (2014) reported a rapid decrease in WSC content from 166 to 96.7 g/ Kg 

DM within the first 30 days of ensiling sweet sorghum. This was attributed to the rapid microbial 
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utilization of sugars in the early stages of ensiling. It is well documented that fermentable substrate 

in form of WSC affects the rate of pH decline during the initial stages of silage fermentation thus 

leading to stable silage (Yuan et al. 2015). In previous studies, there has been a wide variation in 

the sufficient WSC content adequate for silage making but a recent study showed that 41.2 to 

78.86 g/Kg DM could be sufficient to produce silage of good quality (Pereira et al. 2021). In the 

present study, molasses inclusion could have provided adequate WSC to produce good quality 

silage as compared to 0% amount of molasses. 

5.3 Effect of supplementing lactating dairy cows on Napier basal diet with sweet potato vine 

silage on dry matter intake, milk production and milk composition. 

The CP content of NG in this study of 7.9% (Table 8) was within the range of 7.6% in the NG fed 

to dairy cows by smallholder farmers in the tropics (Wouters, 1987), 7.5% in Ethiopia (Zewdu 

2005), but lower than 9.92% (Maleko et al. 2019) and 11.8% (Kariuki et al. 1998) reported in 

Tanzania and Kenya respectively. The CP content was less than the minimum 17.5% set by 

National Research Council for optimum level of milk production (Mutsvangwa et al. 2016). 

SPVS used in this study had a CP content of 17.1% and in view of its protein content was thought 

to be a suitable protein source for feeding dairy cows. A study by Gunderson et al. (1998) 

reported that lactating cows required diets with CP content o f  between 16.1 to 18.9% to produce 

optimally. Considering this, the diet combination of both treatments in this study could only 

support sub-optimal milk production. Furthermore, the low ME content of SPVS (9.7 MJ/Kg 

DM) required it to be combined with another feed to improve the ME content to the targeted 11.0 

MJ/Kg DM. The resulting supplement (SPVSWB) was lower in both energy and protein as 

compared to CDC (Table 9), which contributed to animals fed SPVSWB having lower DMY than 

those fed the reference diet. 

The DM intake for SPVSWB was lower by 16.2% and by 14.7% for LL and EL, while at the same 
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time the NDF content for SPVSWB was higher by 76.3% (Table 9). From these two parameters, it 

is possible that CDC was easily digestible providing more nitrogenous compounds, a favorable 

environment for the rumen microbes to digest fiber faster (Sampaio et al. 2010a). This could have 

led to faster turnover in the rumen, leading to higher feed intake, and subsequently higher milk 

yield. 

Apart from energy intake, milk production may also have been affected by the quantity and quality 

of protein provided by the experimental diets. Protein supplementation is reported to improve 

voluntary dry matter intake in ruminants on poor quality topical forages (Wickersham et al. 2008). 

In a study on lactating dairy cows, DM intake improved 45.6% when poor quality hay was 

supplemented with a protein source (Souza et al. 2010). The nitrogenous compounds in CP help in 

growth of fibrolytic bacteria in the rumen which increases the rate of passage in the rumen thus 

improving intake (Franco et al. 2021). This improves digestion of fibre leading to increased fibrous 

carbohydrates in forages which eventually increase energy supply (Souza et al. 2010). Rumen 

protein degradability is an important factor that is used to determine the quality of tropical feeds. 

Sweet potato vines are one of the tropical forages reported to have rumen protein degradation 

of 722.1 g/Kg CP (Kabi et al. 2005).  

The degradability of the proteins determines the N availability to rumen microbes but only to 

some extent because once the protein degraded is in excess of microbial needs, the rest is 

excreted as urea (Colmenero and Broderick 2006). When untreated silages are fed, there is 

increased protein degradation in the rumen and lowered rumen undegraded protein (Alstrup et al. 

2014). In the current study, it is suspected that the possible rumen undegradable protein in 

SPVSWB may have reduced milk yield. However, the positive effects of rumen undegradable 

protein on milk production have not been well demonstrated in literature (Santos et al. 1998). 

The effect of CP in stimulating dietary intake, and therefore digestible nutrients, is known to 
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occur at two levels. Firstly, at the rumen metabolism level where the CP, especially the 

degradable protein nitrogen, boosts the NH3-N level in the rumen to thresholds required by rumen 

microbes (Wanapat et al. 2013), especially the cellulolytic bacteria to operate optimally. 

Enhanced activities of rumen microbes is beneficial from two perspectives; higher fribrolytic 

activity which results in more energy from volatile fatty acids (VFA) being released from the 

ingested feed, and also a boost in higher microbial crude protein flowing to the small intestines 

resulting in high productivity (Castillo-González et al. 2014). In addition, a higher CP, especially 

the undegradable dietary protein (UDP) also boosts the total amino acids absorbed from the small 

intestines into the body tissues. An elevated level of amino acids, and especially the limiting 

amino acids, is a major boost at the tissue metabolism level where there is increased efficiency in 

energy metabolism, especially the VFA and more so acetate resulting in higher productivity in 

the dairy cow (Kolver 2003). It is well known that high genetic merit dairy cow’s productivity, 

especially in early lactation, is in most cases limited by unavailability of limiting amino acids 

rather than energy. This is because a dairy cow can effectively mobilize endogenous energy 

reserves from the adipose tissues resulting in weight loss, to compensate for energy deficit arising 

from depressed DMI during that period (Kaufman et al. 2018). However, the same cannot be said 

for protein in the muscles, as the capacity for protein mobilization is very limited. Such cows 

inevitably end up producing less milk, until such a time when adequate protein (and therefore 

amino acid) is made available through supplementation with dietary UDP. The supplementation 

results in improved lactation performance in the dairy cow. 

During late lactation (LL) DMY was 17% lower for cows fed sweet potato vine plus wheat bran 

(SPVSWB) compared to those fed CDC while in early lactation (EL), DMY was 13% lower (Table 

10). The current study shows large differences in milk production response between LL and EL, 

an observation that concurs with a number of trials reviewed by Davison and Elliott (1993), who 
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showed that early, mid and late lactation responded differently to supplementation. The reduced 

milk production response in the late lactation could be due to lower feed conversion efficiency 

(Wachirapakorn et al. 2016). It could be also due to the animals diverting energy from milk 

production to supporting foetus (CSIRO 2007), considering that all the animals in late lactation in 

the current study were pregnant. 

Energy and protein intake are two crucial nutrients in production of milk. A study by Sutter and 

Beever (2000) reported loss of weight for cows in early lactation as a result of body reserves being 

mobilized for milk protein and fat synthesis, a situation more prominent where feeding is 

inadequate. Such body weight losses are as a result of the nutritive value of feed not meeting the 

animal daily requirements to support milk production (Etela et al. 2008). In the current study, 

animals were fed ad libitum during both periods, but SPVSWB animals consumed lesser amounts 

of feed on a DM basis compared to CDC during both periods. During LL as shown in Table 11, 

the difference in ME intake (131.3 vs 123.3 MJ/d for CDC vs SPVSWB respectively) was 

equivalent to the difference in metabolizable energy (ME) for DMY (40.2 vs 32.2 MJ/d for CDC 

vs SPVSWB respectively) suggesting that differences in energy intake between groups lead to the 

17.3% decrease in DMY for SPVSWB. 

Dry matter intake (DMI) and nutrient composition of diet is an important factor in the nutrition of 

the lactating cow as it determines the nutrient availability to support milk production. Animals 

fed SPVSWB consumed lower DM both in late (12.97vs11.07) and early lactation 

(13.53vs11.34). This reduced DMI during both early and late lactation for SPVSWB could be due 

to high fibre content (40.2 and 27.1% for NDF and ADF respectively), low ME (11 MJ/Kg DM), 

or low DM content (45%). 

The main chemical predictor for DMI in cattle is reported to be Neutral Detergent Fibre (NDF) 

(Waldo 1986). The NDF and voluntary intake of forages are highly interlinked where high NDF 
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content negatively affects voluntary feed intake in cattle (Gwayumba et al. 2002). The basal feed 

in this study (Napier grass) was high in NDF, and this was held constant across treatment groups. 

NDF content for SPVSWB was higher by 75% than the CDC. The fiber content of a diet is the 

main factor that influences rumen fill and subsequently DMI (Fustini et al. 2017). This is caused 

by the bulkiness of the feed, leading to activation of pressure and stretch receptors in the 

reticulorumen wall as reported by Van Soest, (1994). 

Ideally, low and medium energy diets should have highest intakes, as compared to high energy 

feeds, for the animal to meet its energy requirements (Brand et al. 2017). However, intake can also 

be affected by gut fill limitation and subsequently rate of rumen clearance, especially for diets low 

in energy but high in fiber (Kubkomawa et al. 2013). Due to low DM content in silages, voluntary 

feed intake has been reported to reduce to as low as 8.4 Kg/d DM (Gwayumba et al. 2002). 

Moisture content of 45-55% was found to be ideal for silages (Zheng et al. 2011). Grant et al. 

(1974), reported a 15% increase in Napier grass intake after wilting. However, other studies by 

Thomas et al. (1961) and Clancy et al. (1977) have disputed the reported influence of moisture 

content on dry matter intake. Considering the contradicting findings on the effect of moisture 

content on DM intake, it is not clear if the reduced intake for SPVSWB in this study was as a result 

of high moisture content. Rate of rumen turnover might also have contributed to the differences in 

feed intake in the current study where there could be faster rate of fermentation of grain (Colucci 

et al. 1982) as compared to silage leading to higher intake observed in CDC. 

Despite SPVSWB having lower DMY during both late and early lactation periods, the Gross 

Margins of feeding SPVSWB were higher (KES 3.8) than those fed CDC (KES -4.8) for LL and 

KES 28.2 vs KES 21.9 for EL (Table 12), due to the lower cost of producing the SPVSWB 

supplement. This had a substantial impact on the gross margins of the supplements in both LL and 

EL, although it was clear that it was not economically attractive to feed either supplement during 
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LL on the basis of DMY response alone. 

Milk components presented in Table 13 show that fat content ranged between 3.2 and 4.1% and 

protein content between 2.7 to 3.0%. The range was within reported range for Friesian breed in 

the tropics of 2.8-5.5% and 2.8-3.9% for fat and protein respectively (Lam et al. 2010). The higher 

protein content of milk from cows on CDC (3.0 and 3.1%) than SPVSWB (2.7 and 2.8%) in LL 

and EL respectively, could have been probably due to higher energy intake in CDC (131.3 and 

127.1 MJ/d) compared to SPVSWB (123.3 and 109.8 MJ/d) for LL and EL respectively. When 

energy intake is increased, the glucogenic amino acids are spared from the process of 

gluconeogenesis leading to increased amino acids, which are the precursors of milk protein 

synthesis (Mackle et al. 1999). This in turn results to elevated protein content in the milk. On the 

other hand, supplementing cows with feed high in fiber content would lead to increased milk fat 

content due to increased production of volatile fatty acids (Sterk et al. 2011). In the current study 

it was expected that the high fiber content for SPVSWB would have resulted to significantly higher 

milk fat content than CDC. High fibre content in the diet is known to promote acetate type of 

fermentation and acetate being a lipogenic VFA naturally tend to favour higher butterfat content 

due to increased lipogenesis. However, this was not the case and this can be explained by the low 

DM intake in SPVSWB than CDC. 

The significantly higher milk fat content for late lactation as compared to early lactation was 

probably due to concentrating effect of declining milk volume in the late lactation (Mahmoud et 

al. 2014). It is reported that when milk production decreases, like in the case of late lactation, fat 

content increases due to concentration of solid components (Chilliard et al. 2003). It could have 

been also due to the fact that most of milk components (mainly total solids, ash and fats) increase 

with increasing stage of lactation (Aganga et al. 2002). 
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5.4 Conclusions 

1. Partial harvesting of vines reduced tuber dry matter yield by 11, 16 and 60% for 

Kenspot 1, SPK117 and SPK 013 respectively. However, partial harvesting improved 

vine yield by 57, 19 and 30% for Kenspot 1, SPK117 and SPK 013 respectively. 

2. Inclusion of molasses in sweet potato silage lowered pH thus improving quality of the 

silage. 2% molasses amount inclusion resulted in the best quality silage in terms of 

CP content and pH level. 

3. Supplementing lactating cows with sweet potato vine silage reduced milk yield by 17 

and 13% in late lactation and early lactation respectively, as compared to 

supplementing with a commercial dairy concentrate. Dry matter intake was also lower 

by 16.2 and 14.7% for the groups supplemented with sweet potato vine silage, for LL 

and EL respectively. The same trend was observed for milk quality where 

supplementing with sweet potato silage resulted to lower CP content (2.7 and 2.8% 

DM) as compared to commercial concentrate (3.0 and 3.1% DM) for LL and EL 

respectively. 

4. Gross Margins (KES/L) of supplementing with sweet potato silage were higher (KES 

3.8) than those fed commercial dairy concentrate (KES -4.8) for late lactation and 

KES 28.2 for sweet potato silage vs KES 21.9 commercial dairy concentrate for EL 

which was attributed to lower cost of producing the sweet potato silage supplement. 

5.5 Recommendations 

Varieties SPK117 and Kenspot 1 are recommended for fodder and root production, as they had 

better balance between vine production for fodder through partial harvesting and tuber production 

for human consumption. Partial harvesting at 75 days before the final harvest is recommended to 

optimize the biomass yield and quality of the vines. 
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For quality sweet potato vine silage, it can be recommended that amount of molasses should be at 

2%, which will provide water soluble carbohydrates and lower the pH for quality silage. Beyond 

2% molasses, there will be dilution effect of the nutrients and excessive moisture level to an 

already low DM sweet potato vine. 

It can be recommended from the study that sweet potato vine silage can be fed in combination with 

other by-products, for moderate milk production which will result to a lower cost of 

supplementation than conventional grain-based supplementation. In smallholder farmers’ 

situations where grain supplements are unavailable and expensive, SPVS can be used as a cheap 

and readily available source of energy and protein for ruminant feeding. Therefore, this calls for 

sweet potato to be incorporated into smallholder farming systems. 

Further research work should be undertaken to improve the energy content of SPVS, and this 

could be by including the rejected or unsalable tubers in the silage making process. This could 

have the advantage of reducing the quantity of wheat bran needed to improve the ME. Although 

not demonstrated here, small changes, such as outlined, may produce rates of DMY that are 

equivalent to grain-based supplementation. Furthermore, there should be a breeding program to 

develop new varieties of sweet potatoes that are both high yielding in tuber production and highly 

tolerant to partial harvesting. 
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