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SUMMARY 

Effect of palm kernel expeller supplementation on production performance of 

Jersey cows grazing kikuyu/ryegrass pasture 

J.D.V. van Wyngaard 

Supervisor: Prof. L.J. Erasmus 

Co-supervisor: Prof. R. Meeske 

Department: Animal and Wildlife Sciences 

Faculty: Natural and Agricultural Sciences 

Degree: MSc (Agric): Animal Science (Animal Nutrition) 

 

Ruminant feed supplements are price sensitive and are effected by the 

continuous fluctuation of other raw material feed prices. Therefore, improving the 

efficiency of production and reducing cost of supplement concentrates for dairy cows 

are becoming increasingly important both for the smallholder and commercial dairy 

farmer. This can be overcome by replacing expensive energy and protein feeds with 

cheaper by-products. During periods of high maize prices, replacing maize with 

lower cost high fibre by-products becomes an economically viable option. Palm 

kernel expeller (PKE) fits the profile of a low cost, high fibre by-product. The aim of 

this study was to determine the effect of different inclusion levels of PKE in dairy 

concentrates for Jersey cows on milk production, milk composition, body weight 

(BW) and body condition score (BCS) change, rumen parameters and in situ ruminal 

kikuyu/ryegrass pasture degradability of dry matter (DMd) and neutral detergent fibre 

(NDFd) as well as NDFd rate (NDF kd).  

The study was conducted at the Outeniqua Research Farm situated near 

George in the Western Cape and cows grazed high quality kikuyu/ryegrass pasture 

during spring. Forty eight multiparous high producing Jersey cows were blocked 

according to 4% fat corrected milk (FCM), days in milk (DIM) and lactation number 

and randomly allocated to three treatments (control, low PKE, and high PKE). The 

PKE inclusion level in the control, low PKE, and high PKE treatment concentrates 

was 0, 20, and 40%, respectively. The PKE replaced part of the maize and protein 

sources in the concentrate. Milk yield was recorded daily and milk composition was 

determined in two week intervals over a 60 d period, after a 21 d adaptation period. 

Additionally, eight lactating rumen-fistulated cows were randomly allocated to the 
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control and high PKE treatment in a two period crossover design. Ruminal pH, 

volatile fatty acids (VFA’s), ruminal ammonia-nitrogen (NH3-N), and in situ ruminal 

kikuyu/ryegrass pasture DMd, NDFd and NDF kd were measured. Cows received 6 

kg (as is) concentrate per day divided over two milking periods and strip grazed 

kikuyu/ryegrass pasture as one group.  

Milk yield and milk fat content did not differ (P > 0.05) between treatments and 

were 21.3, 21.3 and 20.7 kg/cow/d and 4.63, 4.65, and 4.66% for cows receiving the 

control, low PKE and high PKE treatments, respectively. Milk protein, milk urea 

nitrogen (MUN), BW and BCS did not differ (P > 0.05) between treatments.  Total 

VFA’s, average ruminal pH, ruminal NH3-N, and in situ ruminal kikuyu/ryegrass 

pasture DMd and NDFd as well as NDF kd did not differ (P > 0.05) between 

treatments. The acetic to propionic acid ratio was, however, higher (P < 0.05) for 

cows supplemented with the high PKE treatment.  

It can be concluded that partial replacement of maize with 20 or 40% PKE in a 

lactating dairy cow concentrate did not affect milk yield, milk fat content, milk protein 

content, somatic cell count (SCC), BW, or BCS. Rumen fermentation was unaffected 

and a healthy rumen environment was sustained. The replacement of higher cost 

maize and soybean oilcake by a lower cost PKE decreased feed cost. It is however 

not recommended to include PKE at 40% in the concentrate due to the increased 

time spent by cows in the milking parlour and the low palatability of PKE, which could 

lead to the tendency of increased concentrate refusals. It can be extrapolated from 

the data obtained from this study that milk production will be sustained when PKE is 

fed to cows on pasture at 2.4 kg/cow/day. 
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OPSOMMING 

Effek van gepersde palm-oliekoek (palm kernel expeller) supplementering op 

produksie prestasie van Jerseykoeie op kikoejoe/raaigras-weiding 

J.D.V. van Wyngaard 

Studieleier: Prof. L.J. Erasmus 

Mede studieleier: Prof. R. Meeske 

Departement: Vee- en Wildkunde 

Fakulteit: Natuur- en Landbouwetenskappe 

Graad: MSc (Agric): Veekunde (Dierevoeding) 

 

Kragvoeraanvulling is prys sensitief en word geaffekteer deur die voortdurende 

wisseling van grondstofvoerpryse. Gevolglik is ‘n verhoging in die doeltreffendheid 

van melkproduksie en ‘n verlaging van kragvoeronkostes besig om al meer belangrik 

te word vir beide kommersiële en opkomende suiwelboere. ‘n Logiese strategie is 

om mielies met ‘n goedkoper, hoë vesel byproduk te vervang, wanneer die mielie 

prys hoog is. Gepersde palm-oliekoek (PKE) pas die profiel van ‘n goedkoper, hoë 

vesel byproduk. Die doel van die studie was om die effek van verskillende 

insluitingspeile van PKE in ‘n suiwelkragvoer, vir weidende Jerseykoeie gevoer, op 

melkproduksie, melksamestelling, liggaamsmassa (BW) en liggaamskondisietelling 

(BCS) verskil, rumenparameters, en in situ rumen kikoejoe/raaigras-

degradeerbaarheid van droë-materiaal en NDF (DMd en NDFd, onderskeidelik) 

asook tempo van kikoejoe/raaigras-degradeerbaarheid van NDF (NDF kd) te bepaal. 

Die studie is uitgevoer op die Outeniqua Navorsingsplaas naby George, Wes-

Kaap, gedurende die lente, waar suiwelkoeie kikoejoe/raaigras bewei het. Agt-en-

veertig lakterende Jerseykoeie is geblok volgens 4% vet-gekorrigeerde 

melkopbrengs, dae-in-melk en laktasienommer. Koeie binne blokke is ewekansig 

aan een van drie behandelingsgroepe toegeken. Die drie behandelings was 

kragvoer met 0% PKE (kontrole), 20% PKE (lae PKE) en 40% PKE (hoë PKE) wat 

teen 6 kg (nat basis) per koei per dag versprei oor twee melkperiodes gevoer was. 

Gepersde palm-oliekoek het `n gedeelte van die mielies en die proteïenbron in die 

suiwelkragvoer vervang. Kikoejoe/raaigras-weiding is teen 10 kg DM per koei per 

dag toegeken en die weiding is as een groep strookbewei. Melkproduksie is op `n 

daaglikse basis en melksamestelling op `n twee-weeklikse interval bepaal oor `n 
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tydperk van 60 dae, na 21 dae aanpassing. Addisioneel is agt rumen-gekanuleerde 

Jerseykoeie, wat ewekansig aan die kontrole- en hoë PKE-behandelingsgroepe 

toegeken is, in `n omslag-ontwerp met twee behandelings en twee periodes gebruik. 

Rumen-pH, vlugtige vetsure (VFA), rumen-ammoniakstikstof (NH3-N), en in situ 

rumen kikoejoe/raaigras DMd, NDFd, en NDF kd is bepaal.  

Melkproduksie en melkvetpersentasie het nie tussen behandelings verskil nie 

(P > 0.05) en was 21.3, 21.3 en 20.7 kg/koei/d, en 4.63, 4.65, en 4.66%, 

onderskeidelik, vir die kontrole, lae PKE en hoë PKE-behandelings. Melkproteïen, 

melk-ureum-stikstof (MUN), BW en BCS het nie (P > 0.05) tussen behandelings 

verskil nie.  Totale VFA, gemiddelde rumen-pH, rumen-NH3-N, en in situ rumen 

kikoejoe/raaigras DMd, NDFd en NDF kd het nie (P > 0.05) tussen behandelings 

verskil nie. Die asetaat- tot propionsuurverhouding het egter verskil (P < 0.05). 

Die gevolgtrekking kan gemaak word dat die gedeeltelike vervanging van 

mielies met 20 of 40% PKE in `n suiwelkragvoer nie die melkproduksie, melkvet, 

melkproteïen, somatiese-seltelling (SCC), BW of BCS beïnvloed het nie. Rumen-

fermentasie is nie negatief deur PKE beïnvloed nie en `n gesonde rumen-omgewing 

is behou. Die vervanging van hoë koste mielies en sojaboon-oliekoek met `n lae 

koste PKE het die voerkoste verlaag. Dit is wel nie prakties om `n suiwelkragvoer 

met `n 40% PKE insluiting in die melkstal te voer nie weens die stadiger tempo van 

inname as gevolg van `n laer smaaklikheid. Die 40% PKE insluitingspeil het ook 

gelei tot meer kragvoer-reste in die melkstal. 

Dit kan van die data in die studie afgelei word dat PKE vir suiwelkoeie op 

weiding gevoer kan word teen 2.4 kg/koei/d sonder dat melkproduksie verlaag. 
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 CHAPTER 1 

Introduction 

 

The number of milk producers in South Africa has decreased by 36% from 

January 2007 to January 2012 (Coetzee, 2012). The Western-Cape has the highest 

number of milk producers and producer-distributors, as well as the second highest 

number of milk buyers compared to the other provinces of South Africa (Coetzee, 

2012). This decrease in milk producers puts pressure on the prevailing milk 

producers to satisfy the ever increasing demand for milk and milk products. Low milk 

prices and increased input costs amplify the financial pressure experienced by 

today’s dairy farmer, not even mentioning the demand of lowering their carbon 

footprint. 

Improving the efficiency of production and reducing the cost of concentrate 

supplements for dairy cows are becoming increasingly important for the dairy farmer. 

Dairy concentrates contribute up to 66% of the total feed cost in pasture grazing 

systems according to Meeske et al. (2006). High maize and oilcake prices have a 

substantial impact on milk production costs. Maize grain can constitute up to 70 to 

80% of a conventional dairy concentrate and soybean oilcake can constitute up to 8 

to 12% of the concentrate (Meeske et al., 2009), both of these feed sources are 

expensive. The current cost of maize is R2 580/t and that of soybean oilcake is 

R4 400/t.  When the maize price is high, replacing maize with lower cost high fibre 

by-products becomes an economically viable option.  

In a study previously conducted at the Outeniqua Research Farm it was shown 

that maize, in the concentrate supplement of dairy cows, can be replaced by high 

fibre by-products such as hominy chop, gluten 20 and bran without causing a 

reduction in milk production and actually resulting in an increase in milk fat content 

(Lingnau, 2011).  Input cost can be significantly reduced by replacing a starch-based 

concentrate with a fibre-based concentrate (Muller et al., 2001). A fibre-based 

concentrate also results in an increase in pasture intake and total dry matter intake 

(DMI) (Meijs, 1986; Sayers, 1999) and is able to sustain or even increase milk 

production and milk fat percentages for dairy cows grazing ryegrass pasture (Meijs, 

1986; Sayers, 1999; Delahoy et al., 2003).   
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Palm kernel expeller is a low cost, high fibre residue or by-product from the 

palm kernel oil extraction process of the African Palm seed (Abdullah & Hutagalung, 

1988; Carvalho et al., 2006; Chanjula et al., 2011). The African Palm seed is 

produced mainly from three equatorial tropics; South-East Asia, South America and 

Africa. The neutral detergent fibre (NDF) content of PKE is high (range: 66.4 – 

80.1% of DM) and is therefore regarded as a high fibre by-product. The crude protein 

(CP) content of PKE ranges from 14.2 to 19.6% DM (literature review) which is 

higher than that of maize grain (ca. average of 9.8% DM; McDonald et al., 2002). 

Most of the energy from PKE comes from the oil and NDF fraction. As PKE is very 

low in starch and sugars, this lowers the risk of developing acidosis and other rumen 

health disorders (Varga et al., 1998). Palm kernel expeller is invaluable in supplying 

protein to ruminants, and most of the common minerals are within the acceptable 

ranges (Alimon, 2004). According to Zahari & Alimon (2003) PKE is used as a 

source of energy and fibre for dairy cows at inclusion levels of 30 – 50% of the total 

diet, however Carvalho et al. (2006) states that PKE is generally included in small 

amounts (< 10%) in dairy concentrates due to its low palatability. Palm kernel 

expeller is mainly used as a pasture extender in Australia and New Zealand when 

pasture growth rate is low.  

Final recommendations on inclusion levels cannot be made, because the 

number of studies in which fibre-based concentrates replaced starch-based 

concentrates is limited and half of the studies were conducted in confinement (Bargo 

et al., 2003). The optimal use of PKE as supplement to cows on pasture systems in 

the Eastern and Southern Cape needs to be determined. 

The aim of this study was to determine the effect of partially replacing maize 

with PKE in concentrates for dairy cows on milk production, milk composition, BW 

and BCS of cows grazing kikuyu/ryegrass pasture during spring. In addition, rumen-

fistulated cows were used to determine the effect of PKE supplementation on rumen 

fermentation patterns.  
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 CHAPTER 2 

Literature review 

2.1 Introduction 

The nutrient requirements of high-producing dairy cows cannot be satisfied by 

only grazing high quality pastures (Dixon & Stockdale, 1999). Allen (2000) stated 

that it is well known that energy supply is the first limiting factor for increasing the 

productivity of lactating dairy cows. Supplements can bridge the nutrient gap, but at 

the cost of pasture DMI (Minson, 1991). Supplements are also price sensitive and 

are effected by the continuous fluctuation of raw material feed prices. Therefore 

improving the efficiency of production and reducing cost of supplement concentrates 

for dairy cows are becoming increasingly important both for the small holder and 

commercial dairy farmer. High maize and oilcake prizes have a substantial impact on 

production cost to produce milk. Maize grain can constitute up to 70 to 80% of a 

conventional dairy concentrate and soybean oilcake can constitute up to 8 to 12% of 

the concentrate (Meeske et al., 2009). According to Meeske et al. (2006) dairy 

concentrates contribute up to 66% of the total feed cost in pasture grazing systems. 

Therefore expensive energy and protein sources are subject to replacement by 

cheaper by-products. 

High fibre by-products can maintain a high ruminal pH, enhance pasture 

digestion and hence result in increased DMI (Bargo et al., 2003). Bradford & Mullins 

(2012) stated that the replacement of grain with a non-forage fibre source is 

profitable in some scenarios and often increases DMI. Palm kernel expeller is a by-

product from the palm-oil industry and has been extensively used in the Asian 

regions as a feed source for goats and other animals. Palm kernel expeller could be 

used as feedstuff for ruminants, especially for dairy cows due to the fibrous nature of 

PKE (Abdullah et al., 1995). According to MAFF (1992) PKE is considered as a 

medium quality energy feed with a moderate content of CP. The majority of studies 

regarding PKE on animal production were targeted on goats and beef cattle. 

Therefore, further research on the use of PKE in grazing dairy cows is justified.  
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In this review the value of kikuyu/ryegrass pastures will be discussed as well as 

the effect of high fibrous concentrates vs. starch concentrates and PKE on the 

performance of lactating dairy cows.  

2.2 Kikuyu/ryegrass pasture 

2.2.1 Kikuyu morphology 

Pennisetum clandestinum (Kikuyu) is a perennial tropical pasture species and 

possesses a C4 photosynthetic pathway. This grass species is robust and creeps 

vigorously using rhizomes (below soil) and stolons (above soil) (Dickinson et al., 

2004). The dairy farms in the Southern Cape of South Africa are dominated by 

irrigated kikuyu pastures during the summer and autumn months when kikuyu is 

most active (Botha et al., 2008b). However, kikuyu is dormant during late winter and 

early spring (August and September) in the Southern Cape (Botha, 2003). Kikuyu 

supports high stocking rates and milk production per hectare, only when well 

managed (Reeves, 1997). However, the nutrient value of kikuyu is low when 

compared to temperate pasture species, as such milk production per cow is also low 

(Marais, 2001).  Therefore, cows principally grazing kikuyu-only pastures should be 

supplemented to overcome the nutrient shortages implemented by kikuyu-only 

pastures. However, supplementation increases the total feed cost with marginal 

improvements if not implemented correctly. Therefore, Botha et al. (2008a) 

suggested a strategy to incorporate legumes or other grasses into kikuyu-based 

pasture systems to increase the seasonal dry matter (DM) production and quality of 

the pasture. 

2.2.2 Ryegrass morphology 

Lolium multiflorum (annual ryegrass) is a temperate grass species or cool 

season grass, which is most active in the winter months (June, July and early 

August). Annual ryegrass has a higher metabolisable energy (ME) (ca. 1 MJ/kg DM) 

compared to kikuyu (Fulkerson et al., 2006). Therefore, annual ryegrass would be a 

good candidate to be incorporated into kikuyu-only pastures. The nutritive value of 

annual ryegrass during the spring as obtained by previous authors is summarized in 

Table 2.1. The specific ryegrass cultivar, Lolium multiflorum Lam. (Italian ryegrass), 

has higher growth rates during winter and early spring when compared to perennial 
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ryegrasses, as such Italian ryegrass contributes more to fodder flow systems in mid-

July to September compared to perennial ryegrasses (Thom & Prestidge, 1996). 

Lowe et al. (1999) stated that Italian ryegrass is invaluable in terms of herbage yield 

and milk production per cow per hectare when irrigated accordingly. According to 

Botha et al. (2008a) when annual ryegrass was incorporated into kikuyu pasture the 

seasonal fodder availability changed and the spring DM production increased. Botha 

et al. (2008b) found that kikuyu/ryegrass pasture delivered a more uniform seasonal 

fodder availability compared to that of kikuyu-only and kikuyu-clover pasture, thereby 

resulting in a reduced amount of variation in grazing capacity and milk production. 

2.2.3 Grazing management 

According to Reeves et al. (1996a) the optimum time to graze ryegrass is when 

the plant is in its 3-leaf stage of growth. Fulkerson & Slack (1994) reported that when 

grazing intervals surpasses this a decrease in herbage quality is expected due to 

leaf senescence and that shorter grazing intervals will lead to depleted plant 

reserves which in return will decrease regrowth after defoliation. Stockdale (2000) 

stated that correct pasture allocation is of immense importance as under-utilization of 

pasture will affect pasture quality and over-utilization of pasture impedes pasture 

regrowth. Stockdale (2000) found that pasture should be grazed at a stubble height 

of 5 to 6 cm to ensure optimal pasture regrowth and quality. Abrahamse et al. (2008) 

found that pasture DMI can be increased by increasing the pasture allocation 

frequency from once every four days to once a day, especially when the allocated 

pasture was high. Therefore the allocation of a new strip of pasture two times a day 

could be even more advantageous. 
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Table 2.1 Comparative nutrient composition and nitrogen application of annual ryegrass during spring 

1
N – nitrogen applied after each grazing 

2
DM – dry matter; NDF – neutral detergent fibre; ADF – acid detergent fibre; ADL – acid detergent lignin; CP – crude protein; EE – ether extract; ME – metabolisable energy; 

IVOMD – in vitro organic matter digestibility; Ca – calcium; P – phosphorus 
3
LAN – limestone ammonium nitrate 

4
MJ/kg DM 

Author 
N

1
 application 
(kg N/ha) 

Nutrient composition
2
 (g/kg DM or as stated) 

DM Ash NDF ADF ADL CP EE ME
4 

IVOMD Ca P Starch 

Fulkerson et al. (1998) - - - - - - 251 - - - 5.9 3.1 - 

Dalley et al. (1999) - - - - - - - - - - 5.9 3.1 - 

Lowe et al. (1999) - - - 462 276 - 255 - 9.5 - - - - 

Fulkerson et al. (2006) - - - 444 221 - 220 - 11.3 - - - - 

Meeske et al. (2006) - 147 871 490 280 - 180 - 10.9 - 6.7 3.6 - 

Fulkerson et al. (2007) - - - 531 274 - 247 - 9.7 - - - - 

Lehmann et al. (2007) 56 (LAN)
3 

- 129 444 - - 251 - 11.3 - 5.0 5.0 - 

Botha et al. (2008a) - - - 501 - - 218 - 11.3 - 4.7 4.8 - 

Malleson (2008)  56 (LAN) 137 132 452 260 - 265 32 11.3 802 5.2 4.1 2.0 

Erasmus (2009) 55 (LAN) 127 114 459 270 - 227 34 10.9 - 4.1 3.9 - 

Coetzee (2011) 56 (LAN) 155 - 512 305 - 233 34 10.8 761 4.0 3.7 - 

Lingnau (2011) 56 (LAN) 147 135 541 261 80 259 45 11.4 846 - - - 

Van der Colf (2011) - - - 454 - - 241 - 11.7 756 - - - 

Steyn (2012) 42 (LAN) 138 - 413 242 26 238 25 12.3 826 - - - 
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2.2.4 Estimating pasture intake 

Pasture intake can be estimated by using direct or indirect methods. Direct 

methods may ensure more accurate results. However, these methods are intensely 

laborious, invasive to the animal, time consuming and costly. Indirect methods have 

been developed to overcome the disadvantages of direct methods. Kellaway et al. 

(1993) stated that indirect pasture-based techniques are based on the amount of 

pasture available before and after grazing. The rising plate meter (RPM) is a 

measuring instrument based on the Ellinbank pasture meter that was earlier 

developed by Earle & MacGowan (1979). The RPM manually records herbage 

stubble height in 5 mm increments (Sanderson et al., 2001). It is well documented 

that the use of the RPM to determine pasture intake is inaccurate (Reeves et al., 

1996b; Malleson, 2008). Bargo et al. (2003) stated that group DMI estimations 

instead of individual estimations are the leading shortcoming of pasture-based 

techniques. Short grazing periods increases the reliability of the RPM (Smith et al., 

2005a) and it is of utmost importance to use a calculated regression that refers 

directly to the specific area, specific pasture and specific season to increase the 

accuracy of the RPM (Sanderson et al., 2001). Stockdale (1984) found that the use 

of separate regressions for pre- and post-grazing has yielded higher accuracies.  

2.3 Supplementation on pasture-based systems 

According to Stockdale (2000) and Peyraud & Delaby (2001) the ultimate 

purpose of supplementation for dairy cows at pasture is to overcome the relative low 

total DMI and energy intake of pasture-only diets. This will sustain higher levels of 

milk production and will optimize profit per cow, hence optimizing the profit per unit of 

land (Fales et al., 1995). Dixon & Stockdale (1999) also states that the nutrient 

requirements of high-producing dairy cows cannot be satisfied by only grazing high 

quality pastures. This is because the main limiting factor for milk production on high 

quality ryegrass pasture is energy intake and not metabolisable protein (Fulkerson et 

al., 1998; Kolver & Muller, 1998). Kellaway & Porta (1993) suggested the following 

intentions for supplementation: increased milk production per cow, increased 

stocking rate and milk production per unit of land, improved pasture use with the 

higher stocking rate, sustained or improved body condition score to improved 
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reproduction during pasture shortage, and lastly increased milk protein content by 

energy supplementation.    

Feeding energy supplements when there is abundant forage available for 

grazing, increases the total food intake while reducing pasture intake (Minson, 1991). 

This is a result of cows substituting the supplement for part of the pasture they would 

have consumed (Stockdale, 2000). Supplements usually decrease the DMI of 

pastures (Minson, 1991), which is defined as substitution (Bargo et al., 2003). The 

substitution rate (SR) is positively correlated with level of concentrate fed. Stockdale 

(2000) reported that SR and animal performance are affected by the type of 

supplement. It is also suggested that SR is affected by negative associative effects 

as ascribed by Dixon & Stockdale (1999), or by a reduction in grazing time as 

ascribed by McGilloway & Mayne (1996).   

According to Dixon & Stockdale, (1999), there are two major factors that 

constrain the use of grain for lactating dairy cattle; the reduction in milk fat 

percentage due to excessive intake of readily fermentable carbohydrates (RFC), and 

the high RFC and low fibre values of high quality forage usually used for grazing 

dairy cows. Volatile fatty acids (VFA) that are produced in excess due to increased 

RFC, decreases the ruminal pH by unsettling the buffering capacity of cows resulting 

in a reduction in fibre digestion (Ranathunga et al., 2010). As DMI of pasture 

decreases due to substitution, less effective fibre is taken in resulting in less 

rumination and saliva secretion. As a result, a decrease in appetite, fibre digestion, 

ruminal microbial population and milk fat percentage may occur due to the lower 

ruminal pH (Kalscheur et al., 1997).  

2.4 Fibre-based vs. starch-based concentrate 

2.4.1 Effect on ruminal parameters 

The number of studies reporting the effect of fibre-based concentrate replacing 

starch-based concentrate on ruminal parameters, such as pH, NH3-N and VFA’s of 

grazing cows (not in confinement) are limited. These studies are represented in 

Table 2.2.  
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2.4.1.1 Ruminal pH 

None of the authors in Table 2.2 reported any differences in ruminal pH 

between starch-based and fibre-based concentrates (P > 0.05).  

Hoover (1986) stated that it is of utmost importance to maintain ruminal pH 

within a narrow range to ensure optimal ruminal fibre digestion. However, there is a 

discrepancy between the recommended pH levels for ruminal fibre digestion in the 

literature review. Dixon & Stockdale (1999) suggested that the optimal pH range for 

ruminal fibre digestion is 6.6 to 7.0, whereas Pitt et al. (1996) and Kolver et al. 

(1998a) suggested a range of 6.0 to 6.9 that stimulates optimal ruminal fibre 

digestion. The majority of previous authors reported that ruminal fibre digestion is 

rigorously inhibited when ruminal pH drops below 6.0 (Hoover, 1986; Sutton et al., 

1986; Dixon & Stockdale, 1999). Acute and subacute ruminal acidosis, based on the 

mean and minimum pH values, are defined by a pH below 5 and below 5.6, 

respectively (Owens et al., 1996). AlZahal et al. (2007) proposed a threshold of 475 

min below a pH of 5.8 is an indication of subacute ruminal acidosis. Complete 

cessation of ruminal fibre digestion occurs when pH drops below 5.0 (Mould et al., 

1984).  

The range of the ruminal pH is not the only factor that affects ruminal fibre 

digestion. According to Ørskov & Istasse (1983) the extent of pH depression and the 

time that pH remained below 6.0 should also be considered in affecting ruminal fibre 

digestion. This is supported by Beauchemin & Rode (1999) who also added that a 

perpetual low pH is needed to decrease ruminal fibre digestion and Mertens (1979) 

reported that extreme daily variation in ruminal pH can be just as harmful to ruminal 

microbes, due to constant metabolic alterations by ruminal microbes. The drop in pH, 

post concentrate feeding, is as a result of the presence of RFC in the concentrates 

(Dixon & Stockdale, 1999), as such starch fermentability in the rumen has a more 

pronounced effect on ruminal pH than that of the physical characteristics of 

feedstuffs (Yang et al., 2001). Bargo et al. (2002b) reported that the ruminal pH is 

the highest before concentrate feeding and lowest after concentrate feeding, more 

specifically 2 to 5 h post concentrate feeding (Nordlund & Garrett, 1994; Nocek, 

1997; Cajarville et al., 2006). Colman et al. (2010) stated that pH varies considerably 

at different locations in the rumen and during the day. Therefore, pH values from 

different studies should be compared with caution. 
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2.4.1.2 Volatile fatty acid profile 

Supplementation had no effect on total VFA concentration of grazing cows 

when starch-based concentrates were replaced by fibre-based concentrates (P > 

0.05) (Van Vuuren et al., 1986; Khalili & Sairanen, 2000; Sayers et al., 2003), 

regardless to rumen pH reductions (Carruthers & Neil, 1997; Carruthers et al., 1997). 

This is supported by Seymour et al. (2005) that found that rumen pH is negatively 

related to total VFA concentration in rumen fluid.  Bargo et al. (2003) reviewed a total 

of ten studies, where grazing cows received energy supplementation, and compiled 

a mean total VFA concentration of 120.9 mmol/L with a range of 90.3 to 151.4 120.9 

mmol/L. Sayers et al. (2003) found that fibre-based concentrates increased the 

concentrations of acetate and butyrate, and decreased the concentration of 

propionate (P < 0.05), whereas Khalili & Sairanen (2000) reported no change in the 

principle VFA’s (P > 0.05). Lingnau (2011) also reported that the fibre-based 

concentrate decreased the propionate concentrate (P < 0.05), but reported the 

opposite of Sayers et al. (2003) regarding the acetate and butyrate concentrations. 

The decrease in ruminal propionate concentrations observed when fibre-based 

concentrates are fed could be related to increased fibre and decreased non-

structural carbohydrates in the diet of grazing dairy cows.  

Acetic, propionic and butyric acid are the three principle VFA’s of the rumen 

(Seymour et al., 2005), whereas acetic acid being the dominant VFA in the rumen of 

cows (Ishler et al., 1996). Bach et al. (1999) found that the acetate proportion 

increased in response to increased fibre intake, whereas Zebeli et al. (2008b) 

reported that the acetate proportion responded negatively to increased non-structural 

carbohydrate intake. Kolver et al. (1998b) found that neither the total VFA, acetate or 

propionate concentration is affected by timing of supplementation. Gorosito et al. 

(1985) stated that valeric acid and iso-acids are required in small quantities for 

growth of cellulolytic microbes and that cellulose digestion was improved by adding 

these VFA’s to cultures of rumen microbes. 

2.4.1.3 Ruminal ammonia nitrogen profile 

Van Vuuren et al. (1986) and Sayers et al. (2003) found no differences in 

ruminal NH3-N when a fibre-based concentrate replaced a starch-based concentrate 

(P > 0.05). However, both Khalili & Sairanen (2000) and Lingnau (2011) reported 

decreased ruminal NH3-N for the fibre-based concentrate compared to the starch-
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based concentrate (P < 0.05). Bargo et al. (2003) reviewed a total of ten studies, 

where grazing cows received energy supplementation, and compiled a mean ruminal 

NH3-N of 18.3 mg/dl (range: 8.7 to 32.2 mg/dl). 

Free ruminal NH3 is utilized by rumen microorganisms for synthesis of protein 

for microbial growth and fermentation of feeds for energy (Hoover, 1986). The 

ruminal NH3-N values reported in Table 2.2 are well above 5 mg/dl which is the 

minimum NH3-N concentration for maximum microbial protein synthesis as stated by 

Satter and Slyter (1974). The optimum ruminal NH3-N range for improving microbial 

protein synthesis, digestibility and feed intake range are from 8.5 to 30 mg/dl 

McDonald et al. (2002). Hoover (1986), however, stated that maximum cellulose 

digestion is achieved when ruminal NH3-N concentrations reach ca. 43 mg/dl. 

Erdman et al. (1986) found that the ruminal NH3-N was at its lowest when ruminal 

DM or organic matter digestibility (OMD) was at its lowest. Erdman et al. (1986) also 

stated that when the dietary CP was equal or less than 6%, the optimum ruminal 

NH3-N associated with microbial growth or nutrient digestion was 21.4 mg/dl 

compared to 6.2 mg/dl when the dietary CP was above 6%.  

According to Bargo et al. (2002b) there are two daily peaks of ruminal NH3-N 

concentration corresponding to ingestion of high CP pasture after receiving 

concentrate. This is in agreement with Cajarville et al. (2006) who found that the 

maximum NH3-N concentration occurs at the minimum ruminal pH. Kolver et al. 

(1998b) found that when concentrate was fed to grazing cows synchronously with 

pasture rather than 4 h after pasture was fed, the maximum ruminal NH3-N 

decreased by 33%. The effects of NH3-N concentration are feed-dependent, as such 

minimum NH3-N requirements are dependent on feed fermentability and the rate of 

growth of bacteria (Erdman et al., 1986). Therefore generalized NH3-N concentration 

ranges specified for optimal microbial growth or activity should be used with caution. 

2.4.1.4 Pasture in situ degradability 

Sayers et al. (2003) found that a starch-based or fibre-based concentrate did 

not affect the rate or extent of degradation of DM or CP of ryegrass (P > 0.05). 

Lingnau (2011) also found no effect on in situ ruminal digestion of ryegrass by 

replacing a starch-based concentrate with a fibre-based concentrate (P > 0.05).  
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Bargo et al. (2002a) stated that the rate of pasture DM and NDF degradation 

decreased, 6.8 vs. 5.4 %/h and 5.1 vs. 4.1 %/h respectively,  when pasture-only 

treatments were supplemented with concentrate, with no effect on lag time, soluble 

fraction or insoluble potentially degradable fraction of DM or NDF. Beauchemin 

(1991) found that an increase in fibre concentration in the diet resulted in an increase 

in microbial digestion of forage in sacco, as indicated by a greater extent of DM and 

NDF disappearance and an increased rate of DM disappearance. Reis & Combs 

(2000) and Bargo et al. (2002a), however, found that the degradation rate of pasture 

was decreased only when high levels (>8 kg DM/d) of corn-based concentrates were 

fed to cows. Cajarville et al. (2006) supports this and stated that only the quantity 

and fermentation rate of a supplement can affect the utilization efficiency and 

degradability of forage. Beauchemin (1991) reported that the enhancement of 

ruminal forage digestion may also be related to increased pH of ruminal fluid which 

improves the rumen conditions for cellulolytic microorganisms to thrive. 
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Table 2.2 A summary of the effect of starch-based or fibre-based concentrate on ruminal parameters of grazing dairy cows 

 

1
PR – perennial ryegrass (Lolium perenne); T/FG - perennial timothy (Phleum pratense) and meadow fescue (Festuca pratensis) grass; K/AR – kikuyu (Pennisetum clandestinum) and annual ryegrass (Lolium 

multiflorum); PA – pasture allowance (kg DM/d)  
2
S – starch-based; F – fibre-based; BP – beet pulp; HC – hominy chop 

3
NH3-N – ammonia-nitrogen 

4
VFA – volatile fatty acid 

5
A:P – acetate to propionate ratio 

6
Concentrate level on ‘as is’ basis 

a,b
 means in the same column with different superscripts differ (P < 0.05) 

 

 

 

 

 

Reference 
Cow 

Breed 

Pasture
1 

Concentrate
2
  

pH 
NH3-N

3
 

mg/dl 

VFA
4
 mmol/L 

Type PA Type 
Intake 

kg DM/d 
Total Acetate Propionate Butyrate A:P

5 

Van Vuuren et al., 1986 - PR - S (maize/tapioca) 5.4 5.90 22.1 127.0 - - - - 

  
   

F (BP) 5.2 5.90 20.4 130.0 - - - - 

Khalili & Sairanen, 2000 Holstein- T/FG 40 S (barley) 4 6.17 32.2
a
 127.0 81.4 24.3 15.9 - 

 
Friesian 

  
F (oats/BP) 4 6.01 21.8

b
 132.0 84.5 27.1 15.3 - 

Sayers et al., 2003 - PR 23 S (barley/wheat/corn) 5 to 10 5.80 12.00 121.6 68.1
a
 31.6

a
 17

a
 2.26

a
 

    
F (BP/citrus pulp) 5 to 10 5.96 13.60 122.5 73.5

b
 25.7

b
 18.4

b
 2.94

b
 

Lingnau, 2011
6 

Jersey K/AR - S (maize) 6.0 6.05 21.2
a
 122.0

a
 87.7

a
 19

a
 11.9

a
 4.90 

    
F (HC(35%)/wheat 
bran(18%)) 

6.0 6.08 18.8
b
 113.0

b
 82.6

b
 17.3

b
 10.4

b
 4.99 
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2.4.2 Effect on production responses 

Results from studies investigating the effect of fibre-based concentrate 

replacing starch-based concentrate on milk yield, milk composition and BW of 

grazing cows that is not in confinement are represented in Table 2.3.  

2.4.2.1 Milk yield 

Dry matter intake difference is one of the major limitations for milk production in 

grazing systems (Smith et al., 2005b), rather than energy content of pasture (Kolver 

& Muller, 1998). Increased DMI potential is one of the advantages that fibre-based 

concentrates have over starch-based concentrates (Gehman et al., 2006). Studies 

done by Meijs (1986) and Sayers (2003) found that total DMI were increased by 0.7 

and 0.8 kg/d, respectively, when a fibre-based concentrate replaced a starch-based 

concentrate. A review done by Bargo et al. (2003) where they summarized several 

studies stated that fibre-based concentrates marginally increased DMI by 0.13 kg/d 

(DMI response range: -0.7 to 1.4 kg/d) compared to starch-based studies. Bargo et 

al. (2003) suggested that the higher DMI observed when fibre-based concentrates 

are fed are due to increased ruminal pH and pasture digestion when starch-based 

concentrates are replaced with fibre-based concentrates.  

Meijs (1986) and Khalili & Sairanen (2000) reported increased milk production 

(P < 0.05) when a fibre-based concentrate replaced a starch-based concentrate. 

However, the majority of previous grazing studies reported similar milk yields 

comparing fibre-based to starch-based concentrates (P > 0.05) (Delahoy et al., 2003; 

Sayers et al., 2003; Gehman et al., 2006; Meeske et al., 2009; Lingnau, 2011).  A 

review done by Bargo et al. (2003) stated that the overall milk production reduced 

slightly (-0.46 kg/d) when starch-based concentrates are replaced by fibre-based 

concentrates with a broad milk response range of -2.6 to 1.3 kg/d. However, this 

summary of Bargo et al. (2003) cannot be blindly followed as a guideline on a 

grazing pasture system, as Bargo et al. (2003) included confinement studies in his 

summary. The ruminal VFA profile play a correspondingly important role in 

establishing milk yield. Seymour et al. (2005) found that milk yield is positively 

correlated with butyric acid concentrations in the rumen (r = 0.69) followed by 

propionic acid (r = 0.49).     
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2.4.2.2 Milk fat  

The majority of the grazing studies reported no effect on milk fat percentage 

when fibre-based concentrates replaced starch-based concentrates (P > 0.05) 

(Meijs, 1986; Khalili & Sairanen, 2000; Delahoy et al., 2003; Gehman et al., 2006). 

However, three studies reported increased milk fat percentage when fibre-based 

concentrates replaced starch-based concentrates fed to dairy cows grazing ryegrass 

pasture (P < 0.05) (Sayers et al., 2003; Meeske et al., 2009; Lingnau, 2011).  

Of all the milk solids, milk fat content is the most sensitive to nutritional 

manipulation (Stockdale et al., 2003). According to Bradford & Mullins (2012) the 

NDF content of non-forage fibre sources have a small mean particle size, low lignin 

content and a high fibre digestibility, therefore resulting in a low physical effective 

NDF (peNDF) content. Zebeli et al. (2008a) stated that peNDF is strongly associated 

with milk fat yield and ruminal pH. This is enriched by Allen (1997) whom reported a 

positive relationship between ruminal pH and milk fat percentage. The acetic to 

propionic acid ratio found in the VFA profile of the rumen plays a correspondingly 

important role in establishing the milk fat value (Section 2.4.1.2). According to Sutton 

(1984) milk fat content responds negatively by 5 to 3 g/kg per unit decrease in the 

acetate to propionate ratio, with a similar response on average by 5 g/kg for every 

unit fall in the acetate plus butyrate to propionate ratio. According to a review done 

by Thomas and Chamberlain (1984) a rumen content rich in acetate and butyrate 

fermentation consistently increased milk fat yield, where a propionate rich rumen 

fermentation reduced milk fat yield. The acetic to propionic acid ratio in rumen fluid 

are positively correlated to milk fat content (g/kg) (Seymour et al., 2005) and Erdman 

(1988) stated that an acetic to propionic acid ratio below 2:1 is often associated with 

milk fat depression. 

2.4.2.3 Milk protein  

Meijs (1986), Khalili & Sairanen (2000), Meeske et al. (2009) and Lingnau 

(2011) reported similar milk protein content from grazing cows supplemented with 

either starch-based or fibre-based concentrates (P > 0.05). However, Delahoy et al. 

(2003) and Gehman et al. (2006) reported lower milk protein values from grazing 

cows supplemented with fibre-based concentrates. A review done by Bargo et al. 

(2003) summarized that milk protein content was reduced by -0.06 percentage units 

with fibre-based concentrates compared with starch-based concentrates, with a milk 
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protein response range of -0.21 to 0.05 percentage units. However, Bargo et al. 

(2003) also reported that definite conclusions could not be made regarding starch-

based vs. fibre-based concentrates supplemented to grazing cows due to the small 

number of studies that involve these comparisons.  

DePeters & Cant (1992) stated that milk protein content is less sensitive to 

dietary changes than milk fat content. This is emphasized by Sutton (1989) who 

reported that milk protein can only be altered by a range of ca. 0.6 percentage units, 

whereas milk fat content can be altered over a wide range of ca. 3 percentage units. 

Tas et al. (2005) reported that milk protein can be stimulated by increased glucose 

and/or amino acid absorption in the small intestine, and by increased propionate 

production in the rumen. Jenkins & McGuire (2006) stated that when RFC are fed to 

cows; it is expected that cows will produce more milk protein due to increased 

propionate and microbial protein production.  

2.4.2.4 Milk lactose and somatic cell count   

Khalili & Sairanen (2000) reported a higher milk lactose yield for cows 

supplemented with barley (starch-based) than for cows supplemented with oats, 

wheat bran and beet pulp (fibre-based) (P < 0.05). However, this could possibly be 

attributable to increased milk yield (P < 0.05) reported by Khalili & Sairanen (2000), 

with no alteration in milk lactose percentage (P > 0.05).  

A study done by Gibson (1989) found that the milk lactose average for Jersey 

cows is in the region of 4.7%. Welper & Freeman (1992) reported a milk lactose 

content range of 4.61 to 5.04% accumulated across six different dairy breeds, 

whereas the NRC (2001) reported a more specific milk lactose average of around 

4.85%. Milk lactose percentage varies the least compared to other milk components, 

irrespective to cow breed or diet changes, due to the low coefficient of variation of 

milk lactose contents; as such variance in milk lactose contents are of no importance 

(Sutton, 1989; Kennelly & Glimm, 1998). Jenkins & McGuire (2006) supported this 

statement and added that milk lactose content change is a result of severe feeding 

situations. Milk lactose content can also be affected by change in SCC or udder 

health (Kitchen, 1981; Welper & Freeman, 1992). 

Somatic cells consist of udder epithelial cells and leukocytes, and are sensitive 

to lactation number and udder irritation/injury (De Villiers et al., 2000). Udder health 
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can be monitored by using SCC as an indicator. A SCC above 300 x 103 cells/ml milk 

is indicative of subclinical mastitis and considered to be abnormal, and should be 

kept below 500 x 103 cells/ml milk for human consumption (De Villiers et al., 2000). 

2.4.2.5 Milk urea nitrogen   

A limited amount of grazing studies, replacing starch-based concentrate with 

fibre-based concentrate, reported MUN.  Gehman et al. (2006) reported similar MUN 

values between the corn starch-based (10.05 mg/dl) and fibre-based (9.85 mg/dl) 

concentrate (P > 0.05), however MUN was the highest for the barley starch-based 

(11.43 mg/dl) concentrate (P < 0.05). On the contrary, Delahoy et al. (2003) fed a 

fibre-based concentrate in addition to a starch-based concentrate for grazing dairy 

cows and reported that the starch-based concentrate yielded a lower MUN than the 

fibre-based concentrate (14.9 and 15.4 mg/dl, respectively; P < 0.05). Previous 

grazing studies reported MUN values of supplemented cows to average 19 mg/dl 

with a range of 14.8 to 37.6 mg/dl (Khalili and Sairanen, 2000; Bargo et al., 2002a; 

Delahoy et al., 2003). This could be contributed to the high CP values of the pasture 

ingested. 

Dairy herd nutrition can be improved by using MUN as an indicator to monitor 

the nutritional status of lactating dairy cows (Kohn, 2007). The relationship between 

MUN and dietary protein and energy has been investigated by various authors. 

DePeters & Ferguson (1992) stated that MUN and blood urea nitrogen (BUN) are 

positively related with ruminal NH3 concentrations, as such MUN and BUN can be 

used as indicators of ruminal nitrogen (N) capture. Jonker et al. (1999) additional 

added that MUN and BUN have extensively been used as indicators for the protein 

status of animals, but only when energy is adequate in the diet (Kohn, 2007). 

Roseler et al. (1993) suggested that variation in MUN concentration is related to the 

protein to energy ratio of the diet consumed. A study done by Baker et al. (1995) 

found that MUN concentrations increased with high levels of ready degradable 

protein. Jersey cows have a lower MUN content compared to Holstein cows 

(Rodriguez et al., 1997). Kohn (2007) suggested that these differences are due to 

several factors: milk yield, milk fat and protein content, N intake, and BW. There is a 

disparity in the recommended MUN concentration for dairy cows, however as time 

passed the recommended MUN concentration declined. This is due to more 

research done in optimising the amount of protein fed to high producing cows and in 
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the process reducing the amount of excess protein excreted in urine. A study done 

by Jonker et al. (1999) determined the target MUN concentrations for cows fed 

according to NRC (1989) recommendations (Figure 2.1). Kohn (2007) recommended 

overall MUN concentrations between 8 to 12 mg/dl under typical production 

conditions. However, this relative low range of MUN concentrations is characteristic 

to cows receiving TMR’s and not to cows on a pasture-based system. Milk urea 

nitrogen concentrations are normally higher for cows on pasture-based systems as 

previously cited (Bargo et al. 2003). 

 

 

 

 

Figure 2.1 Predicted milk urea nitrogen (MUN, mg/dl) throughout a 305-day lactation for milk 

yield of 12,000 kg/lactation (–––––), 10,000 kg/lactation (........) and 8,000 kg/lactation (- - - -) 

for cows fed according to NRC (1989) recommendations (Source: Jonker et al., 1999; Kohn, 

2007) 
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2.4.2.6 Body weight and body condition score 

None of the authors cited in Table 2.3 reported any differences in BW change 

between starch-based and fibre-based concentrates (P > 0.05). Bargo et al. (2002a) 

stated that BW is not subject to change in such a short study period as would involve 

a feeding study. 

Using only BW as indicator to determine body energy reserves could be 

erroneous, as BW varies between cow breeds. Gibb et al. (1992) emphasises this by 

reporting up to 40% variation in energy reserves in cows of the same weight. Roche 

et al. (2004) stated that body condition assessment has become an important tool in 

both research and farm management. The scoring system of Wildman et al. (1982), 

with a one to five scale focusing only on appearance and palpation of back and hind 

quarters, is the method more generally used to determine body condition score of 

cows. However, these methods are performed subjectively and the accuracy of the 

system is dependent on the scorer’s competency and experience. 
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Table 2.3 A summary of the effect of starch-based or fibre-based concentrate on milk production parameters and body weight of grazing dairy cows  

Author 

Cow
1 

Pasture
2
 
 

Concentrate 
 

Milk yield
 

kg/d  

Milk composition  
BWC

5 

kg/d  Breed DIM Milk Type PA
 

Type
3
 

Intake
 

kg DM/d 
Fat 
g/kg 

Protein 
g/kg 

MUN
5 

mg/dl        

Meijs, 1986 Dutch- 60 28.9 PR 28
**
 S (cassava/corn) 5.5 25.6

a
 39.6 34.0 - 0.28 

 
Friesian 

    
F (BP/SH/PKE) 5.4 26.9

b
 41.0 33.7 - 0.11 

Van Vuuren et al., 1986 - - - PR - S (maize/tapioca) 0.8 19.3 41.0 33.0 - - 

      
S (maize/tapioca) 5.4 20.0 38.0 33.0 - - 

      
F (BP) 5.2 18.9 41.0 33.0 - - 

Khalili & Sairanen, 2000 Holstein 171 - T/FG 40 C (pasture only) 0 18.4
a
 41.2

a
 34.2 40.0

a
 - 

 
Friesian 

    
S (barley) 4 19.7

b
 38.5

b
 34.2 36.3

b
 - 

      
F (oats/BP) 4 21

c
 37.6

b
 34.9 37.6

b
 - 

Sayers et al., 2003 - 40 41.5 PR 23 S (barley/wheat/corn) 5.0 33.3 37.5 33.5 - -1.29 

      
F (BP/citrus pulp) 5.0 34.0 38.1 31.9 - -0.99 

      
S (barley/wheat/corn) 10.0 37.3 30.8 34.4 - -0.68 

      
F (BP/citrus pulp) 10.0 36.0 35.8 32.5 - -0.83 

Delahoy et al., 2003 Holstein 182 33.5 OG 40 S (corn) 8.2 27.6 35.3 32.3
a
 14.9

a 
0.14 

      
F (BP/SH) 8.2 27.4 36.3 31.9

b
 15.4

b 
0.20 

Gehman et al., 2006 Holstein 130 41.1 AR 17 S (corn) 9.2 30.6 32.0 28.1
a
 10.1

a
 -0.05 

      
S (barley) 9.1 29.9 32.7 27.7

ab
 11.4

b
 -0.03 

      
F (citrus pulp) 9.2 30.0 32.6 27.0

b
 9.9

a
 -0.06 

Meeske et al., 2009
4 

Jersey - - AR - S (maize) 6.0
 

21.0 36.6
a
 34.5 17.8 0.48 

      
SF (HC/wheat bran) 6.0

 
20.8 40.3

ab
 35.5 17.8 0.56 

      
F (HC/wheat bran) 6.0

 
20.1 44.1

b
 34.2 18.1 0.54 

Lingnau, 2011
4 

Jersey 153 19.6 K/AR - S (maize) 6.0
 

19.9 40.7
a
 35.3 17.8 0.39 

      
SF (HC/wheat bran) 6.0

 
20.2 44.9

ab
 36.3 17.1 0.49 

      
F (HC/wheat bran) 6.0

 
19.0 47.5

b
 35.9 17.3 0.40 

1
Pre-experimental days in milk (DIM) and milk yield (kg/d) 

2
PR – perennial ryegrass (Lolium perenne); T/FG - perennial timothy (Phleum pratense) and meadow fescue (Festuca pratensis) grass; OG – orchardgrass (Dactylis glomerata L.); AR – annual ryegrass (Lolium multiflorum); K/AR – kikuyu 

(Pennisetum clandestinum) and annual ryegrass (Lolium multiflorum); PA – pasture allowance (kg DM/d); 
**
 in kg OM/d   

3
S – starch-based; F – fibre-based; C – control; SF – low fibre/starch-based; BP – beet pulp; SH – soybean hulls; PKE – palm kernel expeller; HC – hominy chop 

4
Concentrate level on ‘as is’ basis 

5
MUN – milk urea nitrogen; BWC – body weight change 

a,b
 means in the same column with different superscripts differ (P < 0.05) 
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2.4.3 Palm kernel expeller as a high fibre supplement 

2.4.3.1 Origin 

Palm kernel cake (PKC), also known as palm kernel meal (PKM), is a residue 

or by-product from the palm kernel oil extraction process of the African Palm seed 

(Elaeis guineensis Jacq.), representing more or less 50% of the original kernel 

(Crowther & Woodman, 1917; Abdullah & Hutagalung, 1988; Carvalho et al., 2006; 

Chanjula et al., 2011) and has long been recognised to be a significant ingredient in 

animal feed formulation (Collingwood, 1958). The African Palm comes from three 

main equatorial tropics; South-east Asia, South America and Africa. O`Mara et al. 

(1999) gives a detailed physiological description of the fruit and the kind of fruit 

preparations done before the oil extraction process commence. There is 

considerable variation in chemical composition of palm kernel by-products 

depending on the method of fat removal and the proportion of endocarp remaining 

(Jalaludin et al. 1991; Hindle et al., 1995). Two types of PKC are commercially 

available, those where the oil is extracted by screw presses, termed palm kernel 

expeller (PKE; brown colour), or by solvent extraction, termed solvent extracted palm 

kernel cake (SEPKC; white grey colour) (O`Mara et al., 1999). Palm kernel expeller 

has a higher percentage ether extract (EE) (5 – 12% of DM) compared to SEPKC 

(0.5 – 3.0% of DM) (Chin, 2001; Carvalho et al., 2006). An additional difference 

between SEPKC and PKE is that SEPKC has a higher digestibility for most of the 

nutrient fractions compared to PKE except for the gross energy (GE) digestibility 

which is similar between the two feeds (O`Mara et al., 1999). Therefore PKE has a 

higher digestible energy (DE) due to the higher GE value (O`Mara et al., 1999).  

2.4.3.2 Nutrient quality 

The variation in nutrient composition of PKE can be seen in Table 2.4 as 

reported by several authors. Palm kernel expeller has a high nutritive value (O`Mara 

et al., 1999) and can be classified as an energy feed due to a protein content of ca. 

16 to 18%, therefore excluding it as a protein feed (Alimon, 2004). According to 

MAFF (1992) PKE is considered as a medium quality energy feed with a moderate 

content of CP. O`Mara et al. (1999) added that PKE is a moderate quality feed in 

terms of digestibility for ruminants (OMD<710 g/kg), but high in fibre, coarse and 

granular, and lowly palatable (Chanjula et al., 2010). Alimon (2004) stated that PKE 
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has a similar nutrient composition compared to corn gluten or rice bran.  The high 

NDF levels of PKE are a result of the cell wall content of the unprocessed materials 

(Moss & Givens, 1994). Moss & Givens (1994) reported that all the feedstuffs from 

the oil industry had a low starch content.  

Most of the common minerals are within acceptable ranges (Alimon, 2004). 

However, the copper (Cu) content (21 - 28 ppm) exceeds the requirements of 

ruminants (Alimon, 2004). Previous studies where sheep were fed inclusions of 50% 

PKE showed that they may suffer of high Cu accumulations in the liver and develop 

Cu toxicity symptoms if fed for an extended period (Alimon, 2004). Calcium (Ca) 

supplementation is needed for diets based on PKE to meet the requirement of the 

animal, because the Ca to phosphorus ratio of PKE is low (<2:1) (Alimon, 2004). 

Palm kernel expeller is a useful source of protein to ruminants (Alimon, 2004). 

The protein of PKE is high in methionine (Met) and low in lysine (Lys) and threonine 

(Thr) (Van Straalen et al., 1997). Alimon (2004) added that the first limiting amino 

acid (AA) in PKE seems to be Lys followed by Met, cysteine (Cys) and tryptophan 

(Trp) and the average availability of the AA’s are 85%. 

Hutagalung & Mahyuddin (1985) reported that both PKE and SEPKC have high 

digestibility values (70 - 80%) of DM, organic matter and CP. Jalaludin et al. (1991) 

reported similar DM digestibility values and Moss & Givens (1994) additionally 

reported that the EE of PKM was very digestible. The DE of PKE is similar to many 

cereal feedstuff sources (Alimon, 2004). Wong & Zahari (1997) and O`Mara et al. 

(1999) reported similar DE for PKE, 13.37 and 13.4 MJ/kg respectively, whereas 

Chin (2001) reported a slightly higher DE of 14.89 MJ/kg for PKE. The disparity in 

measurement of the digestibility of nutrient fractions in PKE and ME content are due 

to the unusual composition of the cell wall of PKM, which is high in galactomannans 

(Everington, 1989). The ME content of PKM reported by labs not using gamanase 

enzymes during the digestibility analysis does not represent an accurate ME value 

but rather represents an underestimated ME value for PKM (Dowman, 1993; Moss & 

Givens, 1994). Therefore the results of ME analyses without the inclusion of 

gamanase enzymes, should be discarded.  

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

24 
 

2.4.3.3 Application 

Palm kernel expeller is usually used for animal feeds rather than SEPKC 

(Carrión et al., 2011), especially for ruminant diets because of its fibrous nature 

(Moss & Givens, 1994; Abdullah et al., 1995). According to Zahari & Alimon (2003) 

PKE is used as a source of energy and fibre for dairy cattle at inclusion levels of 30 

to 50%, however Carvalho et al. (2006) stated that PKM is generally included in 

small amounts (< 10%) in dairy concentrates due to its low palatability.  Abdullah & 

Hutagalung (1988) reported complete defaunation of rumen liquor when cattle were 

fed a PKC-based diet ad libitum. Chanjula et al. (2010) reported that the digestibility 

of DM, protein and fibrous fractions as well as protozoal populations decreased in 

response to increased PKE inclusion levels (> 35% PKE). High level inclusions of 

PKE might lead to a higher passage rate of feed and reduced digestibility and feed 

efficiency due to increased fibre content (Carrión et al., 2011). Most of the energy of 

PKE comes from oil and NDF, as PKE is very low in starch and sugars. This results 

in a very low risk of developing acidosis and other rumen health disturbances (Varga 

et al., 1998). To establish sufficient rumination PKE should be fed with a long 

effective fibre source, because the NDF in PKE is low in effective fibre and has a 

small particle size (Varga et al., 1998). Palm kernel expeller can also be fed raw at 

pasture to act as a pasture extender as used in Australia and New Zealand when 

pasture growth rate is low (P. Brönn; Personal communication, Intelact (Pty) Ltd, 

Eastern Cape, 2011, pbronn@farmvision.co.za). 

Only one study investigating the effect of PKM on performance of dairy cows 

could be found. In this study, Carvalho et al. (2006) reported no significant treatment 

effects on DMI, milk yield, or milk composition when PKM was included in a total mix 

ration (TMR) at different inclusion levels (5, 10 and 15% inclusion), however the milk 

lactose tended to increase as PKM inclusion increased (P < 0.10). Carvalho et al. 

(2006) also reported that feed costs decreased without negative effects on 

productive responses when PKM was included up to 15% in a TMR. Unfortunately 

the PKM tested in the latter study was SEPKC and not PKE. The majority of studies 

regarding PKM on animal production were targeted on goats and beef cattle. 

Therefore, further research on the use of PKE in grazing dairy cows is urgently 

needed. 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

25 
 

Table 2.4 Comparative nutrient composition of palm kernel expeller 

Nutrient
1
  

(g/kg DM, or 
as stated) 

Author 

Yeong 
et al. 

(1983) 

MAFF 
(1992) 

Moss & 
Givens 
(1994) 

O'Mara 
et al. 

(1999) 

Chin 
(2001) 

Alimon 
(2004) 

Chanjula et 
al. (2010) 

DM - - 922 883 916 880 - 945 959 

Ash - 44 45 49.5 42.0 30.0 - 120 39 

CP - 170 172 164 151 145 - 196 142 

CF - - 211 238 149 130 - 200 - 

NDF - 693 685
 

801 664 668 - 789 689 

ADF - 470 441 543 418 - 527 

ADL - 68 - 181 - - 147 

EE - 83 108 78.3 98.3 50 - 80 94 

Starch - - 13 - - - - 

ME
2 

- 11.6
 

13.1 - 12.1 10.5 - 11.5 - 

GE
2 

- - 20.9 20.6 - - 19.9 

Ca 2.9 - 2.6 - 2.0 - 2.1 2.1 - 3.4 - 

P 7.9 - 6.5 - 3.2 - 5.2 4.8 - 7.1 - 

Ca:P ratio 0.4 - 0.4 - 0.4 - 0.6 0.4 - 0.5 - 

Mg 2.7 - 3.2 - - 1.6 - 3.3 - 

K - - 7.4 - - 7.6 - 9.3 - 

S  - - - - - 1.9 - 2.3 - 

Na - - 0.2 - - - - 

Cu (ppm) 28.5 - - - 18 20.5 - 28.9 - 

Zn (ppm) 77 - - - - 40.5 - 50.0 - 

Fe (ppm) 405 - - - - 835 - 6130 - 

Mn (ppm) 225 - - - - 132 - 340 - 

Mb (ppm) - - - - - 0.70 - 0.79 - 

Se (ppm) - - - - - 0.23 - 0.30 - 

1
DM – dry matter; CP – crude protein; CF – crude fibre; NDF – neutral detergent fibre; ADF – acid 

detergent fibre; EE – ether extract; ME – metabolisable energy; GE – gross energy; Ca – calcium; P – 
phosphorus; Ca:P – calcium to phosphorus ratio; Mg – magnesium; K – potassium; S – sulphur; Na – 
Sodium; Cu – copper; Zn – zinc; Fe – iron; Mn – manganese; Mb – molybdenum, Se - selenium 
2
MJ/kg DM 
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 CHAPTER 3 

Kikuyu/ryegrass pasture management and quality 

3.1 Introduction 

This chapter describes the establishment, yield measurement, grazing 

management and nutritive quality of the kikuyu/ryegrass pasture grazed by the 

experimental group cows in both the rumen (chapter 4) and production study 

(chapter 5). In this chapter the word ‘pasture’ will refer to the kikuyu/ryegrass 

pasture. The experimental cows in both studies grazed the pasture as one group at 

all times. 

3.2 Materials and methods 

3.2.1 Location, climate, and soil 

The study was conducted at the Outeniqua Research Farm situated near 

George in the Western Cape Province of the Republic of South Africa (RSA). The 

altitude, latitude, and longitude are 204 metre (m) above sea-level, 33°58´38´´S and 

22°25´16´´E, respectively. The George area has a temperate climate. The long term 

mean rainfall in this area over a period of 45 years, since 1967, is 731.45 mm per 

annum (ARC, 2011). The mean monthly minimum, maximum, and daily 

temperatures and total monthly rainfall during the duration of the study were 

recorded (ARC, 2011). The paddock where the study was conducted consists of two 

distinct soil forms namely an Estcourt form in the northern part of the paddock and a 

Witfontein form in the slightly downward sloping southern part (Soil Classification 

Working Group, 1991). 

3.2.2 Camp design 

Approximately 8.55 ha of permanent irrigated kikuyu/Italian ryegrass pasture 

were divided into 39 strips using electrical charged poly wire. The pasture consisted 

predominantly of ryegrass since kikuyu is dormant during August and September in 

the Southern Cape (Botha, 2003). Each strip had a length of 150 m and a width of 15 

m except strip numbers 35 to 39, as shown in Figure 3.1. Nine irrigation heads were 
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spaced evenly over each dividing border between the strips, resulting in ten 15 m 

spaces within each strip, except strip number 35 to 39. Due to the latter, a standard 

was set so that each strip can be subdivided into known area sizes. The area size 

between two corresponding irrigation heads in a strip was 225 m2 (15 m x 15 m) and 

was referred to as one irrigation head space. This standardisation was done to 

simplify the allocation of the specific pasture allocated to fulfil the needs of the 

experimental group Jersey cows. Cows grazing each strip had access to fresh 

unlimited water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Camp design of the 8.55 ha kikuyu/Italian ryegrass pasture grazed by the Jersey 

cows in the study 
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3.2.3 Pasture establishment 

Italian ryegrass (Lolium multiflorum Lam. var. italicum), an annual ryegrass, 

was over-sown into an 8.55 ha paddock of established kikuyu (Pennisetum 

clandestinum) pasture. Before the over-sowing method commenced, the kikuyu 

pasture was firstly grazed to a stubble height of 50 mm (rising plate meter (RPM) 

reading of 10), after which the pasture was mulched (Figure 3.2) to ground level (1.6 

m Nobili with 24 blades) (Botha, 2003). The Italian ryegrass was established at a 

seeding density of 25 kg/ha into the mulched kikuyu pasture during March 2011 

using a direct drill with no-till planter (2.4 m Aitchison 3116C seedmatic with 16 rows) 

as shown in Figure 3.3 after which the pasture was rolled with a 2.33 m Cambridge 

type light land roller (Figure 3.4) (Botha, 2003). 

3.2.4 Animal welfare 

Ethical clearance was obtained through the Western Cape Department of 

Agriculture and a DECRA approval number was issued: R11/34. 

3.2.5 Pasture grazing, fertilisation and irrigation management 

Jersey cows strip grazed the paddock from West to East as a group at a 

stubble height of 50 mm (RPM reading of 10) with one rotation after each milking, 

resulting in a 28 d grazing cycle. The allocated strip would facilitate specific pasture 

allocation. Each strip was top-dressed with 42 kg N/ha after grazing.  The fertiliser 

used was limestone ammonium nitrate (LAN, 28% N). The related strip was irrigated 

if needed for 5 min directly after applying the fertiliser to ensure minimum N loss. 

Manual tensiometers were used to schedule the irrigation of the paddock. Irrigation 

was initiated at a tensiometer reading of -25 kPa and was ended at a reading of -10 

kPa (Botha, 2002). 

3.2.6 Pasture sampling and analyses 

A total of six representative pasture samples (of 0.098 m2 each) were cut at a 

stubble height of 30 mm (RPM reading of 6) on a weekly basis on the particular strip 

the day before grazing. The samples were dried at 60° C for 72 h (Botha, 2003) and 

weighed (Sartorius BP8100, weighing accurately to 0.1 g) to determine the DM 

content. The six pasture samples cut per week were pooled, and milled (SMC 

Hammer mill, 1 mm screen), resulting in a total of eight pooled pasture samples at 

the end of the study (after eight weeks). The samples were preserved in a freezer at 
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-20° C pending analyses at UP Nutrilab (Department of Animal and Wildlife 

Sciences, University of Pretoria, Pretoria).  

The pasture samples were analysed for DM (AOAC, 2000: procedure 934.01), 

ash (AOAC, 2000: procedure 942.05), CP (N determined using LECO TrumacTM N 

Determinator, LECO Corporation, Saint Joseph, MI, USA, and CP = N x 6.25 

(AOAC, 2000: procedure 968.06)). The fibre fractions analysed for were NDF 

(ANKOM technology method 9: Filter bag technique, ANKOM2000 fibre analyser; 

Robertson & Van Soest, 1981), acid detergent fibre (ADF) (ANKOM technology 

method 8: Filter bag technique, ANKOM2000 fibre analyser; Goering & Van Soest, 

1970), acid detergent lignin (ADL) (Goering & Van Soest, 1970), acid detergent 

insoluble nitrogen (ADIN) (determined from having done both the ADF followed by 

the N analyses). Samples were also analysed for in vitro organic matter digestibility 

(IVOMD) (Tilley & Terry, 1963; using rumen fluid from a rumen-fistulated Dohne 

Merino ram, which was fed good quality Lucerne hay), starch (AOAC, 1984), EE 

(AOAC, 2000: procedure 920.39), GE (MC – 1000 Modular Calorimeter, Operators 

Manual), Ca (sample preparation: AOAC, 2000: procedure 935.13; sample analyses: 

Giron, 1973), and phosphorous (P) (AOAC, 2000: procedure 965.17). Metabolisable 

energy (MJ/kg DM) was calculated from IVOMD as follows: ME = 0.81 x GE x OMD 

for forages (ARC, 1984; MAFF, 1984). The following formula was used to calculate 

non fibre carbohydrate (NFC): NFC = [100 – (NDF + Ash + CP + EE)] (NRC, 2001). 

 

 

 

 

 

 

 

 

 

Figure 3.2 The 1.6 m Nobili mulcher with 24 blades 
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Figure 3.3 The 2.4 m Aitchison 3116C seedmatic direct drill no-till planter with 16 rows  

 

 

 

 

 

 

 

 

 

Figure 3.4 The 2.33 m Cambridge type light land roller 

 

3.2.7 Pasture dry matter yield measurement 

Pasture DM yield per area was estimated by using the RPM with a disk area of 

0.098 m2 (Figure 3.5), by taking the mean of 100 RPM readings in a zigzag pattern 

on each pasture strip the day before and after grazing. A seasonal regression was 

determined by weekly cutting nine circles (three of each low, medium, and high 

sward heights being representative of the rest of the pasture in that strip) at a stubble 

height of 30 mm (a RPM reading of 6) after measuring the height of the pasture with 

the RPM. A metal ring that was the exact size as the RPM disk was used to obtain 

the circles. The cut samples were dried at 60° C for 72 h (Botha, 2003) to determine 

the DM content and hence DM yield. The seasonal regression is a linear model 
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correlating RPM reading with pasture DM yield (Earle and McGowan, 1979) as 

shown in the following equation: Y = (a x H) + b, where ‘Y’ = dry matter yield (kg 

DM/ha), ‘a’ = gradient, ‘H’ = recorded height of RPM, an ‘b’ = intercept value. 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 3.5 Rising plate meter used to measure pre- and post-grazing, and to determine the 

seasonal regression 

3.2.8 Pasture allocation 

Pasture was offered at ca. 10 kg DM/cow/day above 30 mm (RPM reading of 6) 

to ensure that pasture intake was not limiting. Based on previous experience, strip 

length prior to grazing was determined by the available DM herbage present on the 

strip above 30 mm, which was calculated using the generalised seasonal regression: 

Y = (H x 70) – 420, where ‘Y’ = herbage DM yield (kg DM/ha) and ‘H’ = recorded 

height of RPM, which was cumulated from regression equations determined by Van 

der Colf (2011). This regression equation was specifically developed for kikuyu over-

sown with Italian ryegrass during spring and was used for pre- and post-grazing 

estimations. An after-grazing height of 50 mm (RPM reading of 10) was maintained 

by adjusting the allocated kilogram DM pasture per cow given the DM yield per 

hectare calculated by the generalised regression. 
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3.3 Results and discussion 

3.3.1 Climate 

The total monthly rainfall and mean monthly maximum and minimum 

temperatures of the duration of the study (August 2011 to November 2011) are 

shown in Figure 3.6 compared to long term data for the Outeniqua Research Farm 

compiled from 1967 to 2011 by the ARC (2011). As can be seen from the graph, the 

region had rain throughout the study period. According to ARC (2011), the long term 

annual rainfall for this region over a period of 45 years is 731.45 mm per annum. A 

total of 918.72 mm rain fell in the year of the study. August and November showed 

above average rainfall, whereas September and October showed below average 

rainfall during the period of the study. The latter did not affect the study negatively, 

as reserved water was available for irrigation. The total rainfall during the duration of 

the study from August to November was 11 mm above the long term average over 

that period. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 The total monthly rainfall and mean monthly maximum and minimum 

temperatures for the duration of the study (August 2011 to November 2011) compared to 

long term data (from 1967 to 2011) for the Outeniqua Research Farm 
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The mean monthly maximum and minimum temperatures for the duration of the 

study were in close comparison to that of the long term averages. The George area 

has a temperate climate, therefore the temperatures experienced during the study 

period was as expected. 

3.3.2 Pasture management 

The calculated seasonal regression for which kikuyu/ryegrass was cut 

throughout the extent of the study generated the following equation: Y = 119.94*H – 

897.71, where ‘Y’ = available DM herbage and ‘H’ = RPM reading, Figure 3.7. This 

calculated seasonal regression was only implemented after the conclusion of the 

study and was used as a single regression for pre- and post-grazing estimations. 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.7 The seasonal regression correlating rising plate meter (RPM) reading with 

kikuyu/ryegrass pasture yield (kg DM/ha) used throughout the study 
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The RPM is inaccurate in determining individual pasture DMI (Reeves et al., 

1996b); however this was not the purpose for the use of the RPM in this study. The 

RPM was used as a management tool for correct pasture allocation to ensure 

adequate pasture availability and to monitor post-grazing heights. Correct pasture 

management involves accurate pre- and post-grazing measurements of pasture 

height to ensure correct pasture allocation for the grazing cow.  

Cows were allocated a new strip after each milking period, resulting in short 

grazing periods that increases the reliability of the RPM (Smith et al., 2005a). The 

paddock (Section 3.2.2) utilised in the study period was grazed three times at the 

end of the study. The pasture parameters collected over the period of the study are 

depicted in Table 3.1. The post-grazing RPM reading (Table 3.1) was kept in the 

range of 10 – 12 RPM reading as specified by Stockdale (2000) that indicates a well 

utilised pasture and ensures optimal pasture regrowth and quality. The pasture 

allowance presented in Table 3.1 exceeds that stated in Section 3.2.8 (ca. 10 kg 

DM/cow/day). The reason for the over-estimation is due to the use of a generalised 

seasonal regression (Van der Colf, 2011) to determine pasture yield, hence pasture 

allocation, during the study period. This highlights the importance to use a calculated 

regression that refers directly to the specific area, specific pasture and specific 

season that were used and occurred during the study period (Sanderson et al., 

2001). Ultimately pasture intake was met and the pasture was not over-utilised.  

The difference observed in pasture allowance and pasture intake (Table 3.1) 

accumulates to over-estimated pasture availability. The reason for this is that the 

regression is cut at 30 mm (RPM reading of 6) above the ground, whereas cows are 

allowed to graze pasture up to 50 mm (RPM reading of 10) above the ground. This is 

done to apply a safety margin if cows do graze below 50 mm. Trampled and 

contaminated (with faeces and urine) pasture contributes furthermore to the 

difference in pasture allowance and pasture intake, decreasing the potential pasture 

intake. 
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Table 3.1 Mean and standard deviation of the pre- and post-grazing rising plate meter 

readings (n = 109), pasture yield, pasture allowance and pasture intake determined using 

the single calculated regression (Y = 119.94*H – 897.71)   

Parameter1 Pasture Values 

Pre-grazing 
 

  RPM reading 24.7 ± 3.2 

  Pasture yield (kg DM/ha) 2061 ± 378 

  Pasture allowance (kg DM/cow/day) 11.1 ± 1.5 

Post-grazing 
 

  RPM reading 10.7 ± 0.9 

  Pasture yield (kg DM/ha)    388 ± 109 

  Pasture removed (kg DM/ha) 1674 ± 368 

  Pasture intake (kg DM/cow/day)    9.0 ± 1.4 
1
RPM – rising plate meter; DM – dry matter 

± - Mean and standard deviation 
 

3.3.3 Pasture quality 

Pasture quality parameters affected by the progression from early to late spring 

of kikuyu/ryegrass pasture samples collected over an eight week period during the 

study are depicted in Figure 3.8. A trend in the nutritive composition of the pasture is 

visible as spring progressed. The DM, NDF, ADF and ADL of the pasture increased, 

accordingly the ME and IVOMD of the pasture decreased. These results are in 

agreement with the findings of several authors (Bargo et al. 2003; Meeske et al., 

2006; Fulkerson et al., 2007; Van der Colf, 2011; Steyn, 2012) stating that pasture 

(predominated by ryegrass) quality decreases as the season progresses. The CP 

value of the pasture increased variably during the progression of spring, albeit a 

decrease was expected (Van Vuuren et al., 1991). Several climatic factors, such as 

rainfall and temperature, could influence the N volatility and leaching at the time of 

fertilisation, and therefore, the CP content of the pasture (Carruthers & Neil, 1997). 

The marginal variability in CP could also be due to excessive N fertilization, albeit N 

fertilisation was set at 42 kg N/ha for this study, which is considered as a low N 

fertilisation level. The ADF levels are well above the recommended 19 to 21% 

ascribed by the NRC (1989) to prevent milk fat depression.  
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The mean nutrient composition of the kikuyu/ryegrass pasture utilised during 

the study period in spring, as shown in Table 3.2, are in close comparison with 

values reported by several authors in the literature review (Table 2.1). The CP value 

(21.5%) of the pasture in the current study is well in the range of 15.6 to 29.8% 

(average of 24.3%) for ryegrass, as specified by Van Vuuren et al. (1991). The NDF 

value (49.4%) of the pasture in the current study fell within the range of 40.0 to 

52.7%, as reported by Muller & Fales (1998) for cool-season grass pasture. The 

lower CP value for the pasture obtained from this study, compared to CP values in 

the literature review (Table 2.1), is due to applying only 42 kg N/ha on the pasture in 

this study, whereas higher CP values in the literature review are correlated with 

higher pasture N applications per hectare. However the pasture utilised during this 

study can be categorised as a high quality pasture according to the requirements set 

by Clark and Kanneganti (1998): 40 – 50% NDF and >18% CP. 

 

 

 

Figure 3.8 Pasture quality parameters affected by the progression from early to late spring 

of kikuyu/ryegrass pasture samples collected over an eight week period during the study  
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Table 3.2 Mean and standard deviation of the nutrient composition of the kikuyu/ryegrass 

pasture (n = 8) utilised by Jersey cows during spring (study period)  

Nutrient1  
(g/kg DM, or as stated) 

Kikuyu/ryegrass pasture 

DM  128.7 ± 12.8 

OM 893.6 ± 9.2 

IVOMD (%) 80.22 ± 2.49 

ME (MJ/kg) 11.51 ± 0.62 

NFC  153.8 ± 64.9  

CP  214.7 ± 21.9 

CP:ME ratio 1.87 ± 0.24 

NDF  493.9 ± 39.4 

ADF  301.5 ± 26.3 

ADL  21.2 ± 5.8 

Starch  13.2 ± 3.7 

ADICP (% of CP)  124.6 ± 17.4 

EE  39.6 ± 3.8 

Ca  3.8 ± 0.4 

P  3.4 ± 0.5 

Ca:P ratio 1.12 ± 0.17 
1
DM – dry matter; OM – organic matter; IVOMD – in vitro organic matter digestibility; ME – 

metabolisable energy (calculated); NFC – non fibre carbohydrate (calculated); CP – crude protein; 
CP:ME ratio – crude protein to metabolisable energy ratio; NDF – neutral detergent fibre; ADF – acid 
detergent fibre; ADL – acid detergent lignin; ADICP – acid detergent insoluble crude protein (ADIN x 
6.25); EE – ether extract; Ca – calcium; P – phosphorous; Ca:P – ratio between calcium and 
phosphorous 
± - Mean and standard deviation  
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 CHAPTER 4 

Effect of palm kernel expeller supplementation on performance of 

Jersey cows grazing kikuyu/ryegrass pasture 

4.1 Introduction 

The research study consisted of two distinct studies, namely a lactation 

production study and a fundamental rumen study using rumen-fistulated cows. The 

two studies were conducted in tandem. The lactation production study will be 

described in this Chapter and the rumen study will be described in Chapter 5. The 

lactation production study was conducted at the Outeniqua Research Farm situated 

near George in the Western Cape to determine the effect of different PKE inclusion 

levels in dairy concentrates for Jersey cows on milk production, milk composition, 

BW and BCS. The cows used in the production study grazed with the lactating 

rumen-fistulated cows as one group utilising the same pasture. The cows from the 

two studies were milked together according to their allocated treatment groups. The 

rumen study was not provoked by any means during the duration of the lactation 

production study. 

4.2 Materials and methods 

4.2.1 Location, climate and soil 

See Section 3.2.1 of Chapter 3 for details regarding the location, climate and 

soil of this study. 

4.2.2 Animal welfare 

See Section 3.2.4 of Chapter 3 for details regarding animal welfare. 

4.2.3 Duration of the study 

The experimental study started the 12th of August 2011 and was completed the 

1st of November 2011. A period of 21 d was allowed for adaptation (7 d on the 

pasture with ad libitum access to PKE only followed by 14 d of feeding the allocated 

treatment concentrates in the milking parlour). Palm kernel expeller only was fed in 

feeding troughs on pasture during the first 7 d adaptation period. Due to practical 
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constraints all treatment cows had access to PKE only during this period. This was 

done to allow cows to become accustomed to the low palatable PKE. The lactation 

production study commenced after the adaptation period where data was collected 

over a period of 60 d.  

4.2.4 Grouping of cows 

Forty-eight multiparous high producing Jersey cows from the Outeniqua 

Research Farm herd were used. First lactation cows as well as cows not in the 

lactation stage of 20 to 164 DIM were excluded from the study due to the variability 

often experienced in the milk production of such animals. The cows were blocked 

according to 4% FCM production which was calculated using the previous milk 

production average from 25 July to 15 August 2011 and the milk fat percentage of 

the previous lactation, DIM as from the 17th of August 2011 and lactation number 

(Table 4.1). See Table A1 in Appendix A for more detail. The Gaines formula was 

used to calculate 4% FCM, where 4% FCM = [0.4 x kg milk] + [15 x kg milk fat] 

(Gaines, 1928), therefore correcting for variation in milk composition. Cows within 

blocks were randomly (random function in Microsoft Excel, 2010) allocated to one of 

three treatment groups (control, low PKE, and high PKE) resulting in sixteen cows 

per treatment. Additionally, four lactating rumen-fistulated cows were randomly 

assigned merely to the control and high PKE treatment (rumen study, Chapter 5). In 

addition, four non-participant lactating cows were assigned to the low PKE treatment 

resulting in twenty cows per group. This was done to have all the spaces filled in the 

dairy parlour as cows are fed and milked in groups of twenty in the milking parlour. 

This is a practical constraint of the milking system.   

The cows grazed kikuyu/Italian ryegrass pasture as one group for 24 h per day 

except during milking times when they received their concentrate supplementation in 

the milking parlour. The cows were collected from pasture as deferred as possible 

and returned after milking as swiftly as possible in a calm and collected approach. 

Before each milking session cows of the different treatment groups were separated. 

To simplify the process, each cow was labeled with a coloured tag attached to a light 

metal chain that was tightened around the neck using a cable tie (Figure 4.1). Pink 

tags represented the cows allocated to the control treatment, green for cows 

allocated to the low PKE treatment, and yellow for the cows allocated to the high 
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PKE treatment. Cows had ad libitum access to clean water before and after milking, 

and during grazing. 

 

Table 4.1 The mean and standard deviation of milk yield and 4% fat corrected milk 

production (FCM; as from 25 Julie to 15 August 2011), and milk fat content of the previous 

lactation, days in milk (DIM; as of the 17th of August 2011), lactation number, body weight 

(BW), and body condition score (BCS) of each treatment after blocking (n = 16)  

Parameters1 
Treatment concentrate2 

Control Low PKE High PKE 

Milk Yield (kg/cow/d) 23.5 ± 3.6 23.8 ± 4.0 23.9 ± 3.5 

Milk fat (g/kg) 50.5 ± 1.9 49.6 ± 2.4 49.9 ± 2.1 

FCM (kg/cow/d) 27.2 ± 3.9 27.2 ± 4.4 27.4 ± 3.9 

DIM (d) 82.3 ± 42.6 88.6 ± 35.5 79.8 ± 43.6 

Lactation nr 3.5 ± 1.7 4.2 ± 1.9 4.1 ± 1.8 

BW (kg) 375 ± 34 363 ± 39 373 ± 39 

BCS (scale 1 to 5) 2.4 ± 0.3 2.3 ± 0.4 2.3 ± 0.4 
1
FCM – 4% fat corrected milk (calculated); DIM – days in milk; BW – body weight; BCS – body 

condition score 
2
Control – concentrate containing 0% PKE; Low PKE – concentrate containing 20% PKE; High PKE – 

concentrate containing 40% PKE; PKE – palm kernel expeller  
± - Mean and standard deviation     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Jersey cow with a coloured tag attached to a light metal chain tightened around 

her neck to facilitate in the sorting into their respective groups prior to milking 
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4.2.5 Pasture and feed allocation  

See Section 3.2.8 of Chapter 3 for details regarding the pasture allocation. 

Concentrates of the different treatments were fed individually to cows at a rate of 3 

kg/cow/milking (as is) in the milking parlour resulting in 6 kg concentrate/cow/d. 

Cows were milked twice daily, 05:30 AM and 15:30 PM, respectively. The nutrient 

composition of PKE (imported from Indonesia by Pieter Brönn, Intelact (Pty) Ltd, 

Eastern Cape, 2011, pbronn@farmvision.co.za) was determined before treatment 

concentrates were mixed (Animal Production Laboratory, University of Stellenbosch, 

2011) as shown in Table 4.2. The PKE inclusion content of the control, low PKE, and 

high PKE treatments were 0, 20, and 40% respectively as shown in Table 4.3 (Nova 

feeds George, Industrial Area, George Western Cape, South Africa). Concentrates 

were balanced to be iso-nitrogenous. Molasweet (Nutec Explicit Nutrition, Block G, 

Hilton Quarry Office Park, 400 Old Howick Road, Hilton, KZN), a powdered palatant 

was added at 160 g/t to each of the three treatment concentrates to enhance 

palatability.    

NOVA feeds (Nova feeds George, Industrial Area, George, Western Cape, 

South Africa) formulated,  mixed, and bagged (50 kg) ten tons of each of the three 

treatment concentrates. The concentrates could not be pelleted, because the PKE 

inclusion levels exceeded that of NOVA feeds’ recommendations. A maximum of 4% 

PKE can be included in the feed for it to be pelleted due to the detrimental action of 

small stones in PKE on the pellet machine. Treatments were bagged in different 

colours namely white (control), green (low PKE treatment), and yellow (high PKE 

treatment). Three kilograms of each of the treatment concentrates were manually 

weighed (Bizerba FC.15 scale with 0.1 g accuracy) into plastic bags. 
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Table 4.2 The nutrient composition of PKE that was included at different levels in each of the 

three treatment concentrates 

 

1
DM – dry matter; CP – crude protein; ME – metabolisable energy; IVOMD – in vitro organic matter 

digestibility; NDF – neutral detergent fibre; ADF – acid detergent fibre; EE – ether extract; Mg – 
magnesium; K – potassium;  Ca – calcium; P – phosphorous; Ca:P – ratio between calcium and 
phosphorous 
2
PKE – palm kernel expeller 

 

 

 

 

 

 

 

 

 

Nutrient1  
(g/kg, DM basis or as stated) 

PKE supplement2 

DM 898 

Ash 46.6 

CP 190 

ME (MJ/kg) 8.40 

IVOMD (%) 50.5 

NDF 778 

ADF 552 

EE 102 

Mg 3.3 

K  8.4 

Ca  5.6 

P  7.4 

Ca:P ratio 0.76 
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Table 4.3 The formulated ingredient and nutrient composition of each of the three treatment 

concentrates fed to Jersey cows grazing kikuyu/ryegrass pastures1  

Ingredient2 (g/kg) 
Treatment concentrate4  

Control Low PKE High PKE 

Ground maize 816 657 499 

PKE 0 200 400 

Soybean oilcake 105 66 25 

Molasses 50 50 50 

Feedlime 15 14 13 

Salt 6.0 6.0 6.0 

MgO 3.0 2.5 2.0 

Vitamin and Mineral Premix5 5.0 5.0 5.0 

Nutrient3  (g/kg, DM basis or as stated)       

DM  862 869 877 

Ash  52.2 59.8 66.1 

CP  126 126 125 

RUP (% of CP) 48.1 47.8 47.3 

ME (MJ/kg) 12.9 12.4 11.8 

NFC  705 561 422 

NDF  83.5 212 339 

ADF  26.7 139 251 

EE  33.6 41.4 47.9 

Mg  3.8 3.6 3.3 

Ca  7.4 7.3 7.1 

P  2.8 3.3 3.8 

Ca:P ratio 2.7 2.2 1.9 
1
NOVA feeds formulation data base (NOVA feeds George, George, Western Cape, SA) 

2
PKE – palm kernel expeller; MgO – magnesium oxide 

3
DM – dry matter; CP – crude protein; RUP – rumen undegradable protein; ME – metabolisable 

energy; NFC – non fibre carbohydrate;   NDF – neutral detergent fibre; ADF – acid detergent fibre; EE 
– ether extract; Mg – magnesium; Ca – calcium; P – phosphorous; Ca:P – ratio between calcium and 
phosphorous 
4
Control – concentrate containing 0% PKE; Low PKE – concentrate containing 20% PKE; High PKE – 

concentrate containing 40% PKE 
5
Premix (Coprex Dairy Premix) – (per unit of premix) 6 million IU vitamin A; 1 million IU vitamin D3; 

8000 IU vitamin E; 100 g Zn, 50 g Mn, 20 g Cu, 1.7 g I; 1 g Co; 300 mg Se  
*
Molasweet added at 160 g/t in each concentrate treatment 
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4.2.6 Concentrate sampling and analyses 

Weekly grab samples of each concentrate treatment were taken and pooled 

every 14 days, resulting in twelve concentrate samples (four for each treatment) at 

the end of the study. The samples were dried at 60° C for 72 h (Botha, 2003) and 

weighed (Sartorius BP8100, weighing accurately to 0.1 g) to determine the DM 

content, and ground (Retch Ultra Centrifugal Mill ZM200, Rheinische Strobe 36, 

Germany) to pass a 1 mm screen and stored in sealed bottles. The samples were 

preserved in a freezer at -20° C pending analyses at UP Nutrilab (Department of 

Animal and Wildlife Sciences, University of Pretoria, Pretoria).  

The concentrate samples were analysed for the same nutrient fractions using 

the same analytical methods as for the pasture samples (Section 3.2.6, 2nd 

paragraph), whereas only ME was calculated differently by using the following 

equation: ME = 0.84 x GE x OMD (ARC, 1984; MAFF, 1984).  

4.2.7 Milking procedure and milk yield 

Cows covered an average distance of 800 m before and after each milking 

procedure as one group. Prior to each milking session, cows were sorted and 

divided into their corresponding treatment groups facilitated by the coloured tags. 

Cows were milked twice daily at 05:30 AM and 15:30 PM, respectively, using a 

twenty point Dairy Master swing over milking parlour with weigh-all electronic milk 

meters (Total Pipeline Industries, 33 Van Riebeeck Street, Heidelberg, 6665) (Figure 

4.2). A refined milking procedure was followed ensuring sustainable udder health 

and wellbeing of cows during each milking session. Before cows entered the milking 

parlour, the corresponding concentrate of each cow was manually placed into the 

clean feeding troughs, spaced evenly in the milking parlour to ensure that each cow 

consumed the correct amount and type of feed. 

Milk yield of individual cows were electronically measured and recorded during 

each milking procedure. Milk yield per day was determined on pooled morning and 

afternoon milking data, and the monthly average milk yield per cow per day and per 

treatment was calculated. The energy corrected milk production (ECM) was 

calculated from the latter milk data using the following equation: ECM = (0.3246 x kg 

Milk) + (12.86 x kg Milk fat) + (7.04 x kg Milk protein) (Gehman et al., 2006). 
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Figure 4.2 Twenty-point Dairy Master swing over milking parlour with weigh-all electronic 

milk meters used during the study to obtain milk data 

 

4.2.8 Milk sampling 

Pooled morning and afternoon milk samples for each cow were taken every 14 

days. To obtain a representative sample, 1 ml of milk sample was collected for every 

one hour between milking intervals. The milking interval between the afternoon and 

morning milking was 14 h, and 10 h between the morning and afternoon milking. 

This resulted in collecting 14 ml in the morning and 10 ml in the afternoon 

respectively, hence a representative 24 ml sample for each cow. Sampling was 

implemented according to a standardised procedure by gently tilting the sampling 

bottle three times to allow for even distribution of milk fat and milk contents before 

measuring into smaller samples. Milk samples were preserved in potassium 

dichromate (K2Cr2O3). Five milk samples were collected for each cow during the 

experimental period.  

Preserved samples were transported over-night to Lactolab (Irene, Pretoria, 

0062) where milk components (milk fat, protein, and lactose), MUN, and SCC 

analyses were performed. Milk component analysis was done using the Fourier 

Transform Spectrometer technology by means of the Bentley FTS (Bentley 

Instruments Inc., Minnesota, USA, 55318), MUN analysis was done by means of a 

ChemSpec 150 (Bentley Instruments Inc., Minnesota, USA, 55318) that utilises a 

modified Berthelot reaction, and SCC analysis was performed using flow cytometry 
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by means of the Somacount FCM (Bentley Instruments Inc., Minnesota, USA, 

55318). 

4.2.9 Body weight and body condition scores 

Cows were weighed on a Tru-Test EziWeigh version 1.0 scale (0.5 kg 

accuracy, Auckland, New Zealand) and body condition scored before the study 

commenced to obtain a starting BW and BCS for each cow. This was done after 

morning milking, to ensure empty udders, and pooled over two consecutive days to 

compensate for variation between days for each cows’ pasture and water intake, 

urination, and defecation. The scoring system with a one to five scale was used to 

determine the body condition of the cows (Wildman et al., 1982). Scoring was 

focused only on appearance and palpation of back and hind quarters and was 

performed subjectively by Gerrit van der Merwe (Jersey herd manager at the 

Outeniqua Research Farm). At the end of the study all of the cows were weighed 

and condition scored once more to obtain an end BW and BCS for each cow 

following the same procedure. The mean BW and BCS was calculated for each 

treatment group for the start and end period and was used to calculate the change in 

BW and BCS over the study period. 

4.2.10 Concentrate refusals 

Concentrate refusals of each cow were collected in separate plastic bags after 

each milking. These concentrate residues were manually weighed (as is) (Bizerba 

FC.15 scale with 0.001 g accuracy) and recorded per cow per treatment. Dry matter 

basis was not determined due to time and labour constrains, and was not essential 

as the concentrate refusals were not used for DMI calculations but rather for 

observational reasons, e.g. unhealthy cows. 
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4.2.11 Statistical analysis 

The production study data were analysed statistically as a randomised block 

design with three treatments randomly (random function in Microsoft Excel, 2010) 

allocated to 16 blocks. The GLM model (Statistical Analysis Systems Institute, 2012) 

was used for the average effects over time. Repeated measures analysis of variance 

(ANOVA) with the GLM model was used for repeated period measures. Means and 

standard error were calculated and significance of difference (P ≤ 0.05) between 

means was determined by Fischers test (Samuels, 1989). Tendencies were declared 

at P < 0.10. The linear model used is described by the following equation: 

Yij = µ + Ti + Bj + eij 

Where  Yij  =  variable studied during the period   

  µ  =  overall mean of the population    

  Ti   =   effect of the ith treatment     

  Bj  =  effect of the jth block     

  Eij  =  random error associated with each Y 
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4.3 Results & discussion 

4.3.1 Nutrient composition of the treatment concentrates 

Table 4.4 represents the actual nutrient composition of the sampled feed of 

each treatment concentrate that was allocated to the cows during the study period, 

whereas Table 4.3 only represents the estimated nutrient composition as determined 

by NOVA feeds. 

  

Table 4.4 Mean and standard deviation of the nutrient composition of each of the three 

treatment concentrates (n = 4) fed to the cows during the rumen study and production study  

Nutrient1  
(g/kg, DM basis or as stated) 

Treatment concentrate2 

Control Low PKE High PKE 

DM  886 ± 3.0 893 ± 1.3 901 ± 1.1 

OM  946 ± 0.9 942 ± 2.4 941 ± 0.3 

IVOMD (%)  92.0 ± 1.3 87.2 ± 0.8 81.6 ± 0.6 

ME (MJ/kg) 13.2 ± 0.1 12.7 ± 0.1 12.2 ± 0.1 

NFC  696 ± 16  596 ± 9 472 ± 13 

CP  123 ± 3 121 ± 2 123 ± 0.3 

CP:ME ratio 0.93 ± 0.03 0.95 ± 0.01 1.00 ± 0.01 

NDF  103 ± 12 188 ± 6 295 ± 12 

ADF  41.3 ± 8.8 105 ± 5 182 ± 14 

ADL  11.5 ± 1.5 30.3 ± 1.8 58.2 ± 4.7 

Starch  608 ± 25 510 ± 1 395 ± 8 

EE  26.2 ± 1.3 39.2 ± 2.8 53.9 ± 1.6 

Ca  6.7 ± 0.5 8.5 ± 0.3 8.4 ± 0.2 

P  2.9 ± 0.1 3.4 ± 0.1 3.9 ± 0.1 

Ca:P ratio 2.3 ± 0.3 2.5 ± 0.1 2.1 ± 0.1 
1
DM – dry matter; OM – organic matter; IVOMD – in vitro organic matter digestibility; ME – 

metabolisable energy (calculated); NFC – non fibre carbohydrate (calculated); CP – crude protein; 
CP:ME ratio – crude protein to metabolisable energy ratio; NDF – neutral detergent fibre; ADF – acid 
detergent fibre; ADL – acid detergent lignin; EE – ether extract; Ca – calcium; P – phosphorous; Ca:P 
– ratio between calcium and phosphorous 
2
Control – concentrate containing 0% PKE; Low PKE – concentrate containing 20% PKE; High PKE – 

concentrate containing 40% PKE; PKE – palm kernel expeller 
± - Mean and standard deviation 
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The concentrates were formulated to be iso-nitrogenous and this can be 

confirmed by the homogeneous CP content of the concentrates observed in Table 

4.4. The control concentrate can be described as a high starch/low fibre-based 

concentrate, the low PKE concentrate as a medium starch/medium fibre-based 

concentrate and the high PKE concentrate as a low starch/high fibre-based 

concentrate, respectively. This is due to the decrease in ME, starch, NFC and 

IVOMD, and the increase in NDF, ADF, ADL levels in the order of control<low 

PKE<high PKE concentrate.  

The results obtained for the nutritional composition of the concentrates 

compares well with the estimated nutrient composition formulated by NOVA feeds, 

which confirms that the concentrates were correctly and thoroughly mixed. 

4.3.2 Effect of palm kernel expeller supplementation on milk yield 

The mean milk yield, 4% FCM and milk composition of cows on the different 

treatments are presented in Table 4.5. The milk yield, 4% FCM and ECM were 

similar between cows receiving the control, low PKE and high PKE treatments (P > 

0.05). As PKE inclusion increased the maize inclusion decreased in the concentrate. 

This resulted in a lower ME content in the concentrate as the PKE inclusion 

increased (Table 4.4). Even at the lower energy content of the high PKE concentrate 

at a daily intake of 6 kg (12.2 MJ ME/kg DM) and an estimated pasture DMI of 9.0 kg 

with an energy content of 11.5 MJ ME/kg DM , the energy requirement of 162 MJ ME 

would have been satisfied (NRC, 2001). Feeding the higher energy control 

concentrate, therefore, exceeded the energy requirement for cows producing 22 kg 

milk/d (NRC, 2001). It could be speculated that cows receiving the lower energy 

content concentrates (low and high PKE treatments) had a higher pasture DMI 

compared to the cows receiving the control concentrate. This is due to compensate 

for the lower energy content in the low and high PKE concentrates compared to the 

control diet. Individual pasture intake measurement was, however, needed to confirm 

this statement. 

Previous grazing studies reported similar milk yields comparing fibre-based to 

starch-based concentrates (P > 0.05; Delahoy et al., 2003; Sayers et al., 2003; 

Gehman et al., 2006; Meeske et al., 2009; Lingnau, 2011). Meijs (1986) and Khalili & 

Sairanen (2000), however, reported increased milk production (P < 0.05).  Meijs 

(1986) replaced corn and cassava (starch-based) with soybean hulls and beet pulp 
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(fibre-based), and Khalili & Sairanen (2000) replaced rolled barley with oats, wheat 

bran and beet pulp, respectively. A review done by Bargo et al. (2003) stated that the 

overall milk production reduced slightly (-0.46 kg/d) when starch-based concentrates 

are replaced by fibre-based concentrates fed to grazing dairy cows, however the milk 

response ranged from -2.6 to 1.3 kg/d. The results of the current study are difficult to 

compare with previous published studies, because no studies could be found where 

the effect of PKE supplementation was tested on the milk production of dairy cows, 

even with PKE being a common raw material component in formulated dairy diets. 

One study was found where the effect of SEPKC supplementation was tested on 

dairy cows up to an inclusion level of 15% in a TMR (Carvalho et al., 2006). The milk 

yield and 4% FCM of the current study are in agreement with the results obtained by 

Carvalho et al. (2006) who found no differences in milk yield and 4% FCM (P > 0.05). 

The optimum starch concentration in TMR diets fed to high producing dairy 

cows is not well defined, but 24 – 26% starch has been suggested (Staples, 2007). 

In a survey amongst 27 high producing herds in the USA (> 13 000 kg/lactation), 

starch concentrations varied from 25 – 30% of dietary DM (Kaiser & Shaver, 2006). 

Recently, high maize prices have forced nutritionists to replace some maize with 

highly digestible non forage fibre sources such as citrus pulp, soyhulls, maize gluten 

and distillers’ grains. It was concluded that maize can be replaced with by-product 

feeds resulting in low starch diets (16 – 21%) without adverse effects on ruminal 

fermentation and lactational performance (Shaver, 2008). Our results support this 

concept, although this was a pasture-based study. The starch content of the control 

concentrate was 60.8% compared to 39.5% starch in the high PKE concentrate. 

Assuming a pasture DMI of 9.0 kg and starch content of 1.3% this would result in a 

total dietary starch content of 23.6% and 15.8%, respectively for the control and high 

PKE treatment concentrates.    

According to Gehman et al. (2006), increased DMI is one of the advantages 

that fibre-based concentrates have over starch-based concentrates. Meijs (1986) 

and Sayers et al. (2003) reported that total DMI were increased, 0.7 and 0.8 kg/d, 

respectively, when fibre-based concentrate replaced starch-based concentrate. The 

review done by Bargo et al. (2003) showed that fibre-based concentrates marginally 

increased DMI by 0.13 kg/d (DMI response range: -0.7 to 1.4 kg/d). It can be 

postulated that PKE inclusion in concentrate (20 and 40% inclusion level) sustained 
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milk production, due to increased pasture DMI. This hypothesis, however, cannot be 

tested due to averaged group DMI estimations used in the current study. Bargo et al. 

(2003) proposed that ruminal pH and pasture digestion would increase when starch-

based concentrates are replaced with fibre-based concentrates, hence resulting in 

higher DMI. This was, however, not the case in the rumen fermentation study 

(Chapter 5, Section 5.3.1 and 5.3.4). Therefore the increased pasture DMI 

hypothesis should be interpreted with caution. 

4.3.3 Concentrate refusals 

The morning, afternoon and total daily concentrate refusals of each treatment 

are represented in Table 4.5. The total daily concentrate refusals did not differ (P > 

0.05) between treatments. There are two potential reasons for the refusals of the 

concentrates; concentrates were fed in a meal form in the current study where the 

cows are normally accustomed to pelleted concentrates, and the low palatability of 

PKE could also contribute to the concentrate refusals of the low PKE and high PKE 

treatment groups. It can be suggested that a longer adaptation period would have 

overcome the concentrate refusals or the time spent in the milking parlour could be 

increased, however this is not economically viable. The concentrate refusals 

measured in the current study are of little importance as it was measured on an ‘as 

is’ basis and not on a DM basis. Milk yield was sustained in the low PKE and high 

PKE treatment groups, regardless of the amount of concentrate refusals. 

4.3.4 Effect of palm kernel expeller supplementation on milk composition 

The milk composition (fat, protein, lactose, SCC and MUN) of cows on each 

treatment is presented in Table 4.5. 

4.3.4.1 Milk fat 

The mean milk fat content and milk fat yield were similar for cows on the three 

treatments (P > 0.05). An increased milk fat percentage has been reported by 

previous authors when fibre-based concentrates replaced starch-based concentrates 

fed to dairy cows grazing ryegrass pasture (P < 0.05; Sayers et al., 2003; Meeske et 

al., 2009; Lingnau, 2011). On the contrary, most grazing studies reported no change 

in milk fat content when fibre-based concentrates replaced starch-based 

concentrates (P > 0.05; Meijs, 1986; Khalili & Sairanen, 2000; Delahoy et al., 2003; 

Gehman et al., 2006). The results of the current study concur to the results obtained 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

52 
 

by Carvalho et al. (2006) who found no difference in milk fat content when SEPKC 

was included up to 15% in a TMR (P > 0.05).   

The milk fat values obtained in the current study were higher than reported in 

previous grazing studies replacing starch-based concentrate with fibre-based 

concentrate (Meijs, 1986; Khalili & Sairanen, 2000; Delahoy et al., 2003; Sayers et 

al., 2003; Gehman et al., 2006). This is because most of these studies made use of 

larger breed dairy cows (Holstein/Dutch Friesian), which have naturally a lower milk 

fat content compared to Jersey cows. The reason for the higher milk fat content 

obtained in the current study (4.62, 4.65 and 4.66%) compared to that of Meeske et 

al. (2009) (3.66, 4.03 and 4.41%) could be due to the higher NDF level (49.4% DM) 

of the high quality pasture grazed in the current study.  

4.3.4.2 Milk protein 

There were no differences found in milk protein content and milk protein yield 

between cows on the three treatments (P > 0.05). Meijs (1986), Khalili & Sairanen 

(2000), Meeske et al. (2009) and Lingnau (2011) also reported similar milk protein 

content from grazing cows supplemented with either starch-based or fibre-based 

concentrates (P > 0.05). However, Delahoy et al. (2003) reported lower milk protein 

values from grazing cows supplemented with non-forage fibre sources (beet pulp 

and soybean hulls) compared to ground corn supplementation (P < 0.05). Gehman 

et al. (2006) also reported lower milk protein values for grazing cows supplemented 

with citrus pulp and molasses compared to corn supplementation. A review done by 

Bargo et al. (2003) summarised that milk protein content was reduced by -0.06 

percentage units with fibre-based concentrates compared to starch-based 

concentrates, with a milk protein response range from -0.21 to 0.05 percentage 

units. However, Bargo et al. (2003) also reported that there is not conclusive 

evidence to make general conclusions regarding starch-based vs. fibre-based 

concentrates supplemented to grazing cows due to the small amount of studies that 

involve these comparisons. The results of the current study concur to the results 

obtained by Carvalho et al. (2006) who found no difference in milk protein content 

when SEPKC was included up to 15% in a TMR (P > 0.05).  
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Table 4.5 The mean milk yield, 4% fat corrected milk (FCM), energy corrected milk (ECM), 

milk components (fat, protein, lactose, somatic cell count (SCC) and milk urea nitrogen 

(MUN)), milk fat and protein yield, as well as the concentrate refusals of Jersey cows (n = 

16) fed 6 kg (as is) concentrate per day, which included either 0% (control), 20% (low PKE) 

or 40% PKE (high PKE) inclusion, respectively, grazing kikuyu/ryegrass pasture  

Parameter1 
Treatment concentrate2 

SEM3 P-value 
Control Low PKE High PKE 

Milk Yield (kg/cow/d) 21.32 21.26 20.71 0.68 0.78 

4% FCM (kg/cow/d) 23.24 23.22 22.71 0.69 0.83 

ECM (kg/cow/d) 24.82 24.67 24.18 0.72 0.80 

Milk composition      

    Milk Fat (g/kg) 46.27 46.53 46.62 1.33 0.98 

    Milk Protein (g/kg) 35.39 34.55 34.95 0.51 0.52 

    Milk Lactose (g/kg) 47.30a 46.65ab 45.77b 0.34 0.01 

    MUN (mg N/dl) 17.67 18.63 19.09 0.50 0.14 

    SCC (x 103/ml) 166.29 162.29 162.65 33.44 0.99 

Yield of milk constituents      

    Milk Fat Yield (kg/cow/d) 0.98 0.98 0.96 0.03 0.89 

    Milk Protein Yield (kg/cow/d) 0.75 0.73 0.72 0.02 0.64 

Concentrate refusals (as is)      

    AM refusals (%) 3.4 3.1 9.2 2.25 0.12 

    PM refusals (%) 6.0 5.4 11.2 2.63 0.24 

    Total daily refusals (%) 9.4 8.5 20.5 2.43 0.17 
1
FCM – fat corrected milk; ECM – energy corrected milk; SCC – somatic cell count; MUN – milk urea 

nitrogen; N – nitrogen; AM – morning; PM – afternoon  
2
Control – concentrate containing 0% PKE; Low PKE – concentrate containing 20% PKE; High PKE – 

concentrate containing 40% PKE; PKE – palm kernel expeller 
3
SEM – standard error of the mean 

a,b
 means in the same row with different superscripts differ (P < 0.05) 
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4.3.4.3 Milk lactose 

The milk lactose content was higher for cows supplemented with the control 

treatment than for cows supplemented with the high PKE treatment (P < 0.05). 

These milk lactose values falls in the region of 4.7% as reported by Gibson (1989) 

for Jersey cows, whereas the milk lactose content of cows receiving the high PKE 

treatment are slightly lower than that of the specified region. Khalili & Sairanen 

(2000) reported a higher milk lactose yield for cows supplemented with barley 

(starch-based) than for cows supplemented with oats, wheat bran and beet pulp 

(fibre-based) (P < 0.05), however this could possibly be attributable to increased milk 

yield (P < 0.05), with no alteration in milk lactose content (P > 0.05). Carvalho et al. 

(2006) found a tendency for SEPKC inclusion (0, 5, 10 and 15%) in a TMR to 

increase the lactose content of milk (P < 0.10).   

Milk lactose percentage varies the least compared to other milk components, 

irrespective to cow breed or diet changes (Sutton, 1989; Kennelly & Glimm, 1998). 

Therefore a difference in milk lactose content between treatments was not expected. 

According to Welper & Freeman (1992) milk lactose content is affected by change in 

SCC or udder health. This was, however, not the case in the current study as SCC 

was not affected by treatment (P > 0.05; Section 4.3.3.5). Further research should be 

done to fully understand milk lactose content as effected by various feed sources, 

because the statements made by Sutton (1989) and Jenkins & McGuire (2006) in the 

literature review does not agree with the results obtained in the current study and 

with the findings of Carvalho et al. (2006). 

4.3.4.4 Milk urea nitrogen 

There were no differences in the mean MUN concentration between the 

treatments (P > 0.05). This is in agreement with results from several published 

grazing studies supplementing either starch-based or fibre-based concentrates to 

dairy cows (Khalili & Sairanen, 2000; Meeske et al., 2009; Lingnau, 2011). Only one 

study was found who reported a lower MUN concentration for cows supplemented 

with a high fibre concentrate containing citrus pulp compared to a low fibre-based 

concentrate (P < 0.05; Gehman et al., 2006).  

Roseler et al. (1993) suggested that variation in MUN concentration is related 

to the protein to energy (CP:ME) ratio of the diet consumed. Milk urea nitrogen 

concentration increases as this ratio increases. Kohn (2007) recommended MUN 
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concentrations between 8 to 12 mg/dl under typical TMR production conditions. The 

MUN concentrations in the current study are well above this range, indicating a 

general excess of N in the cow based on the animal’s milk yield (Kohn, 2007). The 

high CP:ME ratio of the grazed pasture (1.87 ± 0.24:1) (Table 3.2) could contribute 

to the high MUN concentrations obtained in the current study. It is generally 

accepted, however, that acceptable MUN ranges for fertilised pasture-based dairy 

systems are higher than that of cows on TMR systems. This is supported by the 

findings of Trevaskis & Fulkerson (1999) who found a positive correlation between 

MUN and the ratio of N to water soluble carbohydrates in pasture, and by the results 

from published studies (Bargo et al., 2003; Meeske et al., 2009; Lingnau, 2011). To 

summarise, the MUN concentrations of the current study indicates that dietary 

protein was not limiting, but rather fed in excess to some extent, but still within an 

acceptable range for pasture-based systems. 

4.3.4.5 Somatic cell count 

The mean SCC was similar for each treatment (P > 0.05). These values 

obtained during the current study were exceptionally acceptable and are well under 

the specified value of 300 x 103 cells/ml milk, which is indicative of subclinical 

mastitis and considered to be abnormal (De Villiers et al., 2000). No response in 

SCC was expected due to the differences in treatments. 

4.3.5 Effect of palm kernel expeller supplementation on body weight and body 

condition score 

Body weight and BCS parameters are presented in Table 4.6. The BW and 

BCS did not differ between treatments (P > 0.05). These results are similar to that 

found by several authors who conducted grazing studies where starch-based 

concentrates were compared with fibre-based concentrates (Sayers et al., 2003; 

Meeske et al., 2009; Lingnau, 2011). Bargo et al. (2002a) stated that BW is not 

subject to change in such a short study period as would comprise a feeding study.   

This indicates that PKE supplementation has little effect on BW change or BCS 

change of lactating dairy cows grazing kikuyu/ryegrass pasture. It can be postulated 

that cows did not lose BW or BCS at the expense of maintaining milk yield in the low 

and high PKE treatment groups, therefore the allocated pasture and concentrate 

provided sufficient energy to sustain milk yield. 
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Table 4.6 The mean before, after and change in body weight (BW) and body condition score 

(BCS) of Jersey cows (n = 16) fed 6 kg (as is) concentrate per day, which included either 0% 

(control), 20% (low PKE) or 40% PKE (high PKE) inclusion, respectively, grazing 

kikuyu/ryegrass pasture 

Parameter1 
Treatment concentrate2 

SEM3 P-value 
Control Low PKE High PKE 

Body weight      

    BW before (kg) 375.7 363.0 373.3 9.96 0.64 

    BW after (kg) 412.2 396.3 412.4 10.80 0.49 

    BW change (kg) +36.5 +33.3 +39.2 2.85 0.36 

Body condition score      

    BCS before (scale 1 to 5) 2.44 2.31 2.31 0.08 0.41 

    BCS after (scale 1 to 5) 2.59 2.50 2.47 0.10 0.68 

    BCS change (scale 1 to 5) +0.16 +0.19 +0.16 0.06 0.90 
1
BW – body weight; BCS – body condition score 

2
Control – concentrate containing 0% PKE; Low PKE – concentrate containing 20% PKE; High PKE – 

concentrate containing 40% PKE; PKE – palm kernel expeller 
3
SEM – standard error of the mean 

4.4 Conclusion 

Partial replacement of maize with 20 and 40% PKE in lactating dairy cow 

concentrates did not affect milk production, milk fat content, milk protein content, 

MUN or SCC. Neither the BW nor BCS change was affected by PKE 

supplementation. Producers, however, should be cautioned when including PKE at 

40% in the concentrate due to the increased time spent by cows in the milking 

parlour and the low palatability of PKE, which could lead to lower concentrate 

intakes. If economics favour high inclusion rates, results from our study has shown 

that levels of 2.4 kg PKE/cow/day can be fed without impairing productivity.  
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 CHAPTER 5 

Effect of palm kernel expeller supplementation on the rumen 

environment of Jersey cows grazing kikuyu/ryegrass pasture 

5.1 Introduction 

The research study consisted of two distinct studies, namely a lactation 

production study and a rumen study using rumen-fistulated cows. The two studies 

were conducted in tandem. The rumen study will be described in this chapter and the 

lactation production study was described in Chapter 4. This study (rumen study) was 

conducted at the Outeniqua Research Farm situated near George in the Western 

Cape to determine the effect of different PKE inclusion levels in dairy concentrates 

for Jersey cows on the rumen environment. The lactating rumen-fistulated cows in 

this study grazed with the production study cows as one group utilising the same 

pasture. The cows from both studies were milked together according to their 

allocated treatment groups, however the milk data from the rumen-fistulated cows 

was not used. The production study was not provoked by any means during the 

duration of the rumen study.  

5.2 Materials and methods 

5.2.1 Location, climate and soil 

See Section 3.2.1 of Chapter 3 for details regarding the location, climate and 

soil of this study. 

5.2.2 Animal welfare 

See Section 3.2.4 of Chapter 3 for details regarding animal welfare. 

5.2.3 Duration of the study 

Before the study commenced, cows were adapted for 7 d on the pasture with 

ad libitum access to PKE only. During this adaptation period PKE only was fed in 

feeding troughs on pasture and due to practical constraints all treatment cows had 

access to the PKE only. This was done to allow cows to become accustomed to the 

low palatable PKE. The study extended over a period of 60 d, divided into two data 
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collecting periods. The first period consisted of a 20 d adaptation period, where cows 

received allocated treatment concentrates in the dairy parlour, followed by an 8 d 

data collection period for the first treatment diet. Succeeding this, a second 20 d 

adaptation period was followed by an 8 d data collection period for the second 

treatment diet. As a result, cows received both diets during the progression of the 

rumen study.   

5.2.4 Grouping of cows 

Eight lactating rumen-fistulated cows from the Outeniqua Research Farm herd 

were used. The cows were randomly (random function in Microsoft Excel, 2010) 

allocated to the control (0% PKE) treatment group and to the high PKE (40% PKE) 

treatment group resulting in four rumen-fistulated cows for each of the control and 

high PKE treatment in a two period cross-over design. All cows were therefore 

subjected to the control and high PKE treatment concentrates. The cows have 

previously been fitted with cannulae (#1C Rumen Cannula) by Dr Dempsey de 

Lange using the Bar Diamond Cannulae Surgery technique (Bar Diamond Inc, P.O. 

Box 60, Parma, Idaho, USA). The rumen-fistulated cows strip grazed the 

kikuyu/Italian ryegrass pasture jointly with the production study cows as one group 

for 24 h per day except during milking times when they received concentrate 

supplementation in the milking parlour. The rumen-fistulated cows wore colored tags 

representing their allocated treatment group to facilitate in the separation process 

prior to milking. Cows from both the studies were milked together, however the milk 

data of the rumen-fistulated cows were not used for the production study. 

5.2.5 Pasture and feed allocation 

See Section 3.2.8 of Chapter 3 for details regarding the pasture allocation and 

see Section 4.2.5 of Chapter 4 for details regarding the treatment concentrate 

allocation. 

5.2.6 Rumen data collection 

Three rumen analytical methods were applied during the course of the 8 d data 

collecting period for each of the two cross-over periods. Firstly, ruminal pH was 

measured with indwelling pH loggers over a 4 d period; secondly, rumen fluid was 

extracted using a modified hand drain pump to determine ruminal VFA and NH3-N 

concentrations, and pH was measured using a handheld pH meter; and lastly an in 
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situ study prolonged for 30 h with three removal intervals to determine DMd, NDFd 

and NDF kd of the available kikuyu/ryegrass pasture affected by treatment. 

5.2.6.1 Indwelling pH logging system 

Ruminal pH was measured with pH-HR pH/temperature logging systems 

(TruTrack Data Logger, www.intech.co.nz). Each logging system was inserted into a 

flexible watertight capsule to minimise logger malfunction and any discomfort to the 

cow, while allowing the electrode probe maximum access to the rumen content. This 

custom-made capsule with logger was permanently mounted to a cannula plug 

(Figure 5.1), allowing it to be easily and securely fitted to a cow via the Bar Diamond 

#1C Rumen Cannula. A day prior insertion, the loggers were calibrated using the 

Omnilog Data Management Program (Version 1.64) with buffer solutions of pH 4, 7 

and 9. Loggers were started on the Omnilog Program an hour prior insertion and the 

electrode probes were rinsed with distilled water before insertion. The loggers were 

inserted at 06:30 AM on Thursday and removed at 07:30 AM on Monday. The 

logging systems logged an average pH value in 10 min intervals over a 4 d period. 

After the completion of the logging period, the loggers were removed, data 

downloaded, and the loggers recalibrated following the same procedure as 

mentioned above. The data sets were reduced by condensing the 10 min intervals to 

30 min intervals by taking the average of every three 10 min intervals. This was done 

by averaging the pH reading before, at and after the specified time, followed by 

calculating the mean over the four days.  This was done for each cow. After the 

cross-over, the same procedures were followed and the same pH data logger was 

allocated to the same cow in order to reduce variation. 

5.2.6.2 Rumen fluid sampling 

Rumen fluid samples were extracted to determine the VFA and ruminal NH3-N 

concentrations. Each cow was sampled three times on one day during each data 

sampling period. The sampling intervals commenced at 06:30 AM (1 h-post morning 

concentrate feeding), 13:30 PM (7 h-post morning or 2 h-pre afternoon concentrate 

feeding), and 20:30 PM (5 h-post afternoon or 9 h-pre morning concentrate feeding), 

respectively. Approximately 100 ml of rumen fluid was collected during each 

sampling interval from each cow using a customised hand drain pump (Figure 5.2). 

Rumen fluid was drawn with a 500 mm aluminium rod (5 mm in diameter), connected 

via an air tight sampling bottle with a hand drain pump, by inserting the full length of 
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the rod into the rumen, via a 5 mm hole in the rumen cannula plug, and moving the 

rod up and down in the rumen while pumping the rumen fluid out into the sampling 

bottle. A negative vacuum forms in the attached sampling bottle after each draw of 

the pump, allowing rumen fluid to enter freely. The rumen fluid collected from all 

eight rumen-fistulated cows was collected in separate sampling bottles labelled to 

represent each cow. Directly after collection, the samples were sealed air tight to 

avoid oxygen exposure and were placed in the shade to avoid volatility of the 

contents pending pH measurement. The pH of the samples was measured directly 

after extraction using a hand held pH logger (WTW pH340i pH meter/data logger 

attached with a WTW Sentix 41 pH electrode) and recorded. After pH measurement, 

the samples were sealed air tight and taken to the lab on sight pending filtration.  

Rumen fluid samples were filtered through four layers of cheesecloth to remove 

solid particles. Two filtered rumen fluid samples were prepared for each cow. The 

one sample contained a 5:1 ratio of rumen fluid and 25% Ortho-phosphoric acid 

(H3PO3) solution pending VFA analyses, and the other sample was made up with a 

6:1 ratio of rumen fluid and 50% Sulphuric acid (H2SO4) solution pending NH3-N 

analyses. Sampling bottles labelled with the cow’s identification, sampling interval, 

and sampling period were sealed air tight. The samples were immediately stored in a 

freezer at -20° C after preparation for later analyses at Nutrilab, University of 

Pretoria. Before analyses commenced the VFA and ruminal NH3-N samples were 

thawed at room temperature (20° C). Samples were centrifuged, using a benchtop 

centrifuge (Rotofix 32A, Hettich Zentrifugen, Tuttlingen, Germany), for 10 min at 

3000 rpm producing a g-force of 2522, after which the supernatant was removed and 

filtered through syringe filters with a 0.45 µm GHP (hydrophilic polypropylene) 

membrane (Pall South Africa (Pty) Limited, Birchwood Court, 43 Montrose Road, 

Vorna Valley, Midrand). The VFA samples were analysed using the Gas 

Chromatographic method (Broderick & Kang, 1980 modified; Webb, 1994) and the 

ruminal NH3-N samples were analysed using catalysed phenol-hypochlorite and 

ninhydrin colorimetric procedures (Broderick & Kang, 1980).  

5.2.6.3 In situ pasture degradability 

An in situ nylon bag study was conducted to determine the DMd, NDFd and 

NDF kd of the available kikuyu/Italian ryegrass pasture affected by different PKE 

inclusions in the concentrate. Eight kilograms (as is) of kikuyu/ryegrass herbage was 
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cut by hand at a stubble height of 30 mm. Pasture yield was accepted to be 1500 kg 

DM/ha which indicates that the pasture was at point of grazing, therefore allowing for 

a representative sample. The wet herbage was dried in brown paper bags at 60° C 

for 72 h (Botha, 2003), where after it was pooled. Dried samples were cut into 5 - 10 

mm lengths (Taweel et al., 2004) using sharp scissors and weighed into nylon bags 

(10 x 20 cm inner size; 53 µm pore size; Bar Diamond Inc, P.O. Box 60, Parma, 

Idaho, USA). A sample size to bag surface area ratio (Vanzant et al., 1998) of 12.5 

mg/cm2 was obtained by weighing 5 g DM of the sample into each bag. Prior to 

weighing the sample into the bags, the bags were first dried at 50° C overnight, after 

which the weight was recorded (Sartorius L420P scale, with 0.001 g accuracy). The 

weight of each bag with sample was recorded, followed by closing each bag with a 

cable tie before recording the weight again, hence resulting in three recorded 

weights for each bag before incubation.  

Rumen incubations were carried out using eight lactating rumen-fistulated 

Jersey cows (four cows representing the low PKE treatment group and four cows 

representing the high PKE treatment group). Sample nylon bags were incubated in 

the rumen for 6, 18, and 30 h to calculate the NDF kd (Van Amburgh et al., 2003). 

The sample nylon bags were inserted into the rumen at 14:00 PM (1.5 h-pre 

afternoon concentrate feeding) where after the first nylon bag removal commenced 

at 20:00 PM (3.5 h-post afternoon concentrate feeding), the second at 08:00 AM (2.5 

h-post morning concentrate feeding) the following day and lastly the third at 20:00 

PM (3.5 h-post afternoon concentrate feeding). Two bags were used for each time 

interval as duplicates to minimise the effect of the cow on degradation 

characteristics, resulting in six bags per cow. Three sample nylon bags per period, 

resulting in 6 nylon bags in total, were made up to represent the zero time point.  

The receptacle and catcher technique was used, described by Cruywagen 

(2006), to facilitate in the incubation and removal of in situ nylon bags from the 

rumen. Following this technique, three bags were placed in one large opaque 

stocking leg (receptacle) and knotted in between to separate the bags from one 

another (Figure 5.3). To prevent the receptacle from floating on top of the rumen 

contents, a large glass marble was knotted in place at the bottom of the receptacle. 

Two receptacles connected to a cannula plug via its own catcher were placed in 

each cow. After incubation, the nylon bags were removed from the receptacle and 
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rinsed under running cold water for one minute where after it were preserved in a 

freezer at -20° C. This was done for each time interval removal.  

Before washing, the frozen bags were left to thaw for 30 min in a Defy 

Twinmaid washing machine filled to one quarter with clean cold water. After thawing, 

the bags were washed with cold water for three consecutive 3 min cycles without 

spinning (gentle setting on washing machine). After each cycle, the water was 

drained and replaced with clean cold water. The bags were placed on a steel grid to 

drip dry for the removal of excess water, before the bags were dried at 55° C for 72 

h. Bags were weighed individually and recorded using the exact scale as when 

weighed in. The zero time point bags were treated in the same manner as the other 

bags, excluding incubation. The DM content of the cut kikuyu/Italian ryegrass 

herbage used for the in situ study was determined before incubation. The in situ bag 

residues were removed and stored separately pending NDF analyses at UP Nutrilab 

(Department of Animal and Wildlife Sciences, University of Pretoria, Pretoria). The 

NDF samples were analysed using the filter bag technique (ANKOM technology 

method 9: Filter bag technique, ANKOM2000 fibre analyser; Robertson and Van 

Soest, 1981).  

 

  

 

 

 

 

 

 

 

 

Figure 5.1 Indwelling pH logging system used to measure ruminal pH in 10 minute intervals 

prior insertion into the rumen 
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Figure 5.2 Customised hand drain pump used to collect rumen fluid samples via the cannula 

plug 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3 The final product of the receptacle and catcher technique prior insertion into the 

rumen and a presentation of the finalised nylon bags used in this study 
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5.2.7 Statistical analysis 

The rumen study data were analysed statistically using the GLM model 

(Statistical Analysis Systems Institute, 2012) in a cross-over design, which ensures 

that both treatments are present in both periods. Repeated measures analysis of 

variance (ANOVA) with the GLM model was used for repeated time effects. Means 

and standard error were calculated and significance of difference (P ≤ 0.05) between 

means was determined by Fischer’s test (Samuels, 1989). A tendency for 

differences between treatments was declared at P < 0.10. The linear model used is 

described by the following equation: 

Yik = µ + Ti + Pk + eik 

 

Where  Yik  =  variable studied during the period   

  µ  =  overall mean of the population    

  Ti   =   effect of the ith treatment     

  Pk  =  effect of the kth period     

  eik  =  random error associated with each Y 
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5.3 Results and discussion 

5.3.1 Effect of palm kernel expeller supplementation on ruminal pH 

Table 5.1 represents the mean, maximum, minimum and median ruminal pH 

values, and Figure 5.4 represents the mean diurnal ruminal pH fluctuations per time 

interval averaged over four days measured by indwelling pH logging systems during 

the rumen study period. 

There were no differences in mean, maximum, minimum and median ruminal 

pH values between treatments measured over four days with indwelling pH loggers 

(P > 0.05; Table 5.1). A difference, however, was observed at the 16:30 PM time 

interval (P < 0.05), 6.41 and 6.22, respectively (Figure 5.4). The latter was probably 

due to cow and logger variability and does not hold any significant biological 

importance, as there were no differences observed between treatments at the other 

time intervals. The highest ruminal pH values for cows on both treatments were 

observed just before concentrate feeding, especially before the morning feeding, 

while the lowest values were observed around 4.5 – 5 h post-feeding. This is in 

agreement with Bargo et al. (2002b) who reported that ruminal pH is highest pre-

concentrate feeding and lowest post-concentrate feeding, more specifically 2 – 5 h 

post-concentrate feeding (Nordlund & Garrett, 1994; Nocek, 1997; Cajarville et al., 

2006). None of the treatment concentrates fed in the current study resulted in cows 

suffering from acute ruminal acidosis or subacute ruminal acidosis, which are 

defined by pH < 5 and pH < 5.6, respectively, based on the mean and minimum pH 

values (Owens et al., 1996). The mean ruminal pH of each treatment falls well within 

the range of 6.0 to 6.9 that stimulates optimal ruminal fibre digestion (Pitt et al., 

1996; Kolver et al., 1998a). 

The extent of pH fluctuation was similar for cows on both treatments and the pH 

decreased steadily in two cyclic pH drops in the ruminal pH profile. This indicates a 

normal diurnal pH fluctuation. The decline in pH observed post-concentrate feeding, 

is as a result of the presence of RFC in the concentrates (Dixon & Stockdale, 1999). 

The ruminal pH for cows on both treatments was never below 5.0, where complete 

cessation of ruminal fibre digestion occurs (Mould et al., 1984). It is evident in Figure 

5.4 that the pH of both treatments was never below 5.8. The pH of the Control and 

High PKE treatment cows remained below 6.2 for 3.5 and 6.5 h, respectively, and 
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below 6.0 for 0 and 2 h, respectively. Hoover (1986) states that when ruminal pH 

falls for a short duration in the 5.8 to 6.2 range, a moderate brief reduction in ruminal 

fibre digestion is likely to occur. The short duration that the pH remained under 6.2 

and 6.0 in the current study indicates that the combination of the pasture and 

treatment concentrates resulted in effective buffering capacity to overcome perpetual 

low pH values.  

Manual pH readings were recorded every time rumen fluid was collected for 

ruminal VFA and NH3-N analyses at 06:30, 13:30 and 20:30 (Table 5.2). There were 

no differences between treatments in pH at any of the three time intervals or in mean 

pH (Table 5.2). This coincides with the results obtained by the indwelling pH logging 

system. However, the pH values differ substantially at the specified time intervals 

between the two pH measuring systems (indwelling and manual). This could be due 

to the fact that the manual samples were exposed to air while pH readings were 

taken and another reason could be that the manual samples were not taken in the 

same place as where the indwelling loggers were positioned in the rumen. Colman et 

al. (2010) stated that pH varies considerably at different locations in the rumen and 

during the day. Regardless of this, ruminal pH was not affected by treatment in either 

one of the pH measuring systems.  

 

Table 5.1 The mean, maximum, minimum and median ruminal pH (indwelling loggers) of 

Jersey cows (n = 8) fed 6 kg (as is) concentrate per day, which included either 0% (control) 

or 40% PKE (high PKE) inclusion, respectively, grazing kikuyu/ryegrass pasture 

Parameter1 
Treatment concentrate2 

SEM3 P-value 
Control High PKE 

Mean pH 6.42 6.33 0.08 0.48 

Max pH 6.82 6.79 0.10 0.85 

Min pH 6.04 5.93 0.09 0.44 

Median pH 6.40 6.31 0.08 0.46 
1
Max – maximum; Min – minimum  

2
Control – concentrate containing 0% PKE; High PKE – concentrate containing 40% PKE; PKE – 

palm kernel expeller 
3
SEM – standard error of the mean 
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Figure 5.4 The mean ruminal diurnal pH (indwelling loggers) per time interval of Jersey 

cows (n = 8) fed 6 kg (as is) concentrate per day, which included either 0% (control) or 40% 

PKE (high PKE) inclusion, respectively, grazing kikuyu/ryegrass pasture. Arrows indicate 

when concentrate was fed (error bars indicate SEM) 

 

5.3.2 Effect of palm kernel expeller supplementation on ruminal volatile fatty 

acid profile 

The ruminal parameters such as VFA concentrations, ruminal NH3-N 

concentrations and handheld pH measurements at three time intervals for cows 

receiving the control and high PKE treatments are represented in Table 5.2. The 

molar proportions of VFA’s were not calculated, as the actual concentrations are 

preferred when analysing VFA data (Van Soest, 1982). 

There were no differences between treatments in total VFA, acetic acid, butyric 

acid and valeric acid concentrations at any of the three time intervals, including the 

mean of the three time intervals. The propionic acid concentration of cows 

supplemented with the high PKE treatment was lower than that for cows 

supplemented with the control treatment, but only at the 13:30 time interval (P < 

0.05). However, the propionic acid concentration also tended to be lower for cows on 
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Table 5.2 Mean volatile fatty acid (VFA) concentrations, ruminal ammonia nitrogen 

concentrations and handheld pH measurement in rumen fluid obtained at three time intervals 

from Jersey cows (n = 8) fed 6 kg (as is) concentrate per day, which included either 0% 

(control) or 40% PKE (high PKE) inclusion, respectively, grazing kikuyu/ryegrass pasture 

Rumen parameter
1 

Time 
Treatment concentrate

2
 

SEM
3
 P-value 

Control High PKE 

Total VFA (mmol/L) 06:30 112.9 102.7 4.09 0.13 

 
13:30 133.0 123.6 5.00 0.23 

 
20:30 116.3 128.6 4.81 0.12 

 Mean 120.7 118.3 3.44 0.63 

Acetic acid (mmol/L) 06:30 72.4 66.8 2.67 0.19 

 
13:30 84.8 80.6 2.97 0.35 

 
20:30 72.7 80.4 2.89 0.11 

 Mean 76.6 75.9 2.09 0.82 

Propionic acid (mmol/L) 06:30 21.8 19.4 0.73 0.06 

 
13:30 26.3

a 
23.0

b 
0.95 0.046 

 
20:30 24.6 25.9 0.88 0.31 

 Mean 24.2 22.8 0.60 0.14 

Acetic:Propionic acid ratio 06:30 3.39 3.49 0.04 0.17 

 
13:30 3.26

a 
3.53

b 
0.04 <0.01 

 
20:30 2.99

a 
3.19

b 
0.05 0.03 

 Mean 3.22
a 

3.40
b 

0.03 <0.01 

Butyric acid (mmol/L) 06:30 16.3 14.0 0.67 0.06 

 
13:30 19.0 16.9 0.99 0.17 

 
20:30 16.6 18.5 0.88 0.16 

 Mean 17.3 16.5 0.67 0.43 

iso-Butyric acid (mmol/L) 06:30 1.02 0.97 0.06 0.59 

 
13:30 1.17 1.22 0.07 0.64 

 
20:30 0.99

a 
1.28

b 
0.08 0.04 

 Mean 1.06 1.16 0.06 0.29 

Valeric acid (mmol/L) 06:30 1.39 1.46 0.13 0.71 

 
13:30 1.66 1.98 0.26 0.41 

 
20:30 1.54 2.40 0.35 0.14 

 Mean 1.53 1.95 0.24 0.26 

NH3-N (mg/dl) 06:30 15.6
a 

12.2
b 

0.59 <0.01 

 
13:30 12.8 14.5 1.12 0.33 

 
20:30 13.0

a 
17.0

b 
0.53 <0.01 

 Mean 13.8 14.6 0.59 0.39 

Handheld pH 06:30 6.15 6.20 0.07 0.60 

 
13:30 5.76 5.77 0.04 0.88 

 
20:30 5.75 5.70 0.04 0.43 

 Mean 5.89 5.89 0.03 0.89 
1
VFA – volatile fatty acid; NH3-N – ammonia-nitrogen 

2
Control – concentrate containing 0% PKE; High PKE – concentrate containing 40% PKE; PKE – 

palm kernel expeller 
3
SEM – standard error of the mean 

a,b
 means in the same row with different superscripts differ (P < 0.05) 
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the high PKE treatment at the 06:30 time interval (P < 0.10). In response to the lower 

ruminal propionic acid concentration of cows receiving the high PKE treatment, the 

mean acetic to propionic acid ratio of cows receiving the high PKE treatment, as well 

as at the 13:30 and 20:30 time interval were lower than that of cows receiving the 

control treatment (P < 0.05).  

Van Vuuren et al. (1986) and Sayers et al. (2003) found that supplementation 

had no effect on total VFA concentration of cows grazing ryegrass pasture when 

starch-based concentrates were replaced by fibre-based concentrates, regardless of 

ruminal pH reductions (Carruthers & Neil, 1997; Carruthers et al., 1997). This is 

supported by Seymour et al. (2005) who found that ruminal pH is negatively related 

to total VFA concentration in rumen fluid.  This is in agreement with the total VFA 

results obtained in the current study. The mean total VFA concentration obtained for 

both treatments is very similar to the mean total VFA concentration of 120.9 mmol/L 

(range: 90.3 to 151.4 120.9 mmol/L) compiled by Bargo et al. (2003) from ten 

studies, where cows received energy supplementation grazing pasture.  

Acetic, propionic and butyric acid are the three principle VFA’s of the rumen 

(Seymour et al., 2005), whereas acetic acid being the dominant VFA in the rumen of 

cows (Ishler et al., 1996), as seen in Table 5.2. Sayers et al. (2003) found that fibre-

based concentrates increased the concentrations of acetate and butyrate, and 

decreased the concentration of propionate, whereas Khalili & Sairanen (2000) 

reported no change in the principle VFA’s. The principle VFA results obtained in the 

current study are in agreement with the results of Khalili & Sairanen (2000). Seymour 

et al. (2005) found that butyric acid was positively correlated to milk yield but 

negatively correlated to milk fat. A study done by Lingnau (2011) found that the 

concentration of butyric acid decreased when a low starch concentrate replaced a 

high starch concentrate. Therefore, a decrease in butyric acid concentration in the 

rumen may have been expected when feeding the high PKE concentrate, although 

this did not occur in the current study.  

The acetic to propionic acid ratio in rumen fluid is positively correlated with milk 

fat (g/kg) (Seymour et al., 2005). An increase in milk fat content would have been 

expected in the high PKE treatment as result of the higher acetic to propionic acid 

ratio for cows on the high PKE treatment compared to cows on the control treatment. 

Such an increase in the acetic to propionic acid ratio would likely have been ascribed 
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to the high NDF content of the high PKE concentrates, 295 g/kg DM (Sairanen et al., 

2006). However, this was not the case in the current study (Section 4.3.3.1, Chapter 

4). The NDF content of non-forage fibre sources, such as PKE, have a small mean 

particle size, low lignin content and a high fibre digestibility, therefore resulting in a 

low peNDF content (Bradford & Mullins, 2012). Physical effective NDF is strongly 

associated with milk fat yield and ruminal pH, as demonstrated by Zebeli et al. 

(2008a). This is supported by Allen (1997), who reported a positive relationship 

between ruminal pH and milk fat percentage. Results, therefore suggest that the 

similarity obtained in milk fat content between cows on the control and high PKE 

treatments (P > 0.05), are due to a lack of peNDF content in the PKE included in the 

concentrates and due to no differences found in the relative high ruminal pH 

between treatments (P > 0.05). This is only speculative, as peNDF was not properly 

measured during our study. The acetic to propionic acid ratios of all treatments, 

however, were higher than the value of 2:1 that was suggested as a threshold for 

milk fat depression (Erdman, 1988).  

Jenkins & McGuire (2006) found that milk protein increased when cows were 

fed a feed source high in RFC. This is as a result of increased ruminal propionate 

and microbial protein production. Therefore, it is expected that milk protein will stay 

unchanged when cows receive a high fibre diet which is low in RFC. In the current 

study, the mean propionic acid concentration (Table 5.2) as well as the milk protein 

content (Table 4.5) did not differ between treatments.  

The milk yield results coincide with the results obtained from the VFA profile of 

the rumen, specifically butyric and propionic acid. Milk yield is positively correlated 

with rumen concentrations of butyric acid followed by propionic acid (Seymour et al., 

2005) and since there were no increases in butyric or propionic acid concentrations 

for cows receiving the high PKE treatment (P > 0.05; Table 5.2), similar milk yields 

were predictable. The total VFA concentration for cows on the high PKE and control 

concentrates also did not differ, supporting the results obtained. 

The ruminal iso-butyric acid concentration of cows receiving the high PKE 

treatment was higher only at the 20:30 time interval compared to that of cows 

receiving the control treatment (P < 0.05). This could be ascribed to cow and logger 

variability and does not hold any significant biological importance, as there were no 

differences observed between treatments at the other time intervals. 
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5.3.3 Effect of palm kernel expeller supplementation on ruminal ammonia 

nitrogen profile 

The ruminal NH3-N (mg/dl) concentrations collected at three time intervals for 

cows supplemented with the control and high PKE treatments are presented in Table 

5.2. 

There were no differences in mean ruminal NH3-N concentration between cows 

receiving the control and high PKE treatments, respectively (P > 0.05). At 06:30, 

cows on the high PKE treatment had a lower ruminal NH3-N concentration (12.2 

mg/dl) compared to cows receiving the control treatment (15.6 mg/dl; P < 0.05), 

however at 20:30 the opposite occurred; cows receiving the control treatment had a 

lower ruminal NH3-N concentration (13.0 mg/dl) compared to cows receiving the high 

PKE treatment (17.0 mg/dl; P < 0.05). There were no differences in ruminal NH3-N 

concentration at 13:30 between treatments (P > 0.05). It is difficult to interpret these 

differences, because ruminal NH3-N was only measured at three time intervals 

whereas a 24 h cycle would have indicated a better pattern of ruminal NH3-N 

variation. It could also be hypothesized that the discrepancies observed in the 

ruminal NH3-N concentrations were as a result of the difference in CP degradability 

of PKE and soybean oilcake. According to Bargo et al. (2002b) there are two daily 

peaks of ruminal NH3-N concentration corresponding to ingestion of high CP pasture 

after receiving concentrate, as such it can be postulated that the control group cows 

ingested more pasture post morning milking (06:30) than the high PKE group. This 

hypothesis could not be tested, because the individual pasture intake per cow was 

not measured. The highest NH3-N concentration (17.0 mg/dl) for cows on the high 

PKE treatment was observed at 20:30 in response to the lowest pH (5.97) that was 

also observed at 20:30 for cows on the high PKE treatment. This is in agreement 

with Cajarville et al. (2006) who found that the maximum NH3-N concentration occurs 

at the minimum ruminal pH. The increased ruminal NH3-N for the high PKE treatment 

at 20:30 may reflect recycling of N to the rumen to maintain bacterial N requirements 

(Robinson, 1983). This was, however, not the case for cows supplemented with the 

control treatment, where the highest NH3-N concentration (15.6 mg/dl) for cows on 

the control treatment was observed at 06:30, where the pH was high (6.60).  

The NH3-N concentrations of the current study were well above 5 mg/dl as 

stated by Satter & Slyter (1974) for maximum microbial protein synthesis, and well 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

72 
 

within the range of 8.5 to 30 mg/dl reported by McDonald et al. (2002) for improved 

microbial protein synthesis, digestibility and feed intake. This indicates that none of 

the treatment concentrates were deficient in protein and that microbial growth was 

not restricted, therefore no reductions in fibre degradation were expected. The mean 

NH3-N concentration obtained from cows on both treatments was similar to the mean 

NH3-N concentration of 18.3 mg/dl (range: 8.7 to 32.2 mg/dl) compiled by Bargo et 

al. (2003) from ten studies, where cows received energy supplementation grazing 

pasture. 

5.3.4 Effect of palm kernel expeller supplementation on in situ pasture 

degradability 

The in situ DMd, NDFd and NDF kd of the kikuyu/ryegrass pasture of cows 

affected by treatment at three incubation periods are represented in Table 5.3. 

There were no differences in estimated DMd, NDFd or NDF kd at all three 

incubation times as well as in the mean NDF kd between cows on the control and 

high PKE treatments (P > 0.05). The high DMd values obtained at the 30 h 

incubation period for cows receiving the control (87.48%) and high PKE (89.70%) 

treatments corresponds to the high IVOMD value (80.22%, Table 3.2) obtained for 

the grazed kikuyu/ryegrass pasture. The high DMd and NDFd values where 

expected, due to the high quality of the pasture in the current study (Table 3.2).  

Beauchemin (1991) found that an increase in fibre concentration in the diet 

resulted in an increase in microbial digestion of forage in sacco, as indicated by a 

greater extent of DM and NDF degradation and an increased rate of DM 

degradation. However the results in the current study are in agreement with the 

findings of Sayers et al. (2003), who found no effect on in situ ruminal digestion of 

ryegrass by replacing a starch-based concentrate with a fibre-based concentrate. 

Lingnau (2011) also found that by replacing a high starch concentrate supplement 

with a low starch concentrate supplement to cows on pasture did not improve the in 

situ degradability of pasture. Bargo et al. (2002a) found that the degradation rate of 

pasture was decreased only when high levels (>8 kg DM/d) of corn-based 

concentrates were fed to cows. The reason why no enhancements in ruminal forage 

degradation occurred in cows receiving the high PKE treatment can be hypothesised 

due to the fact that there were no differences in ruminal pH (Figure 5.4) between 

cows receiving the control and high PKE treatments (P > 0.05). This hypothesis is 
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supported by Beauchemin (1991) who reported that the enhancement of ruminal 

forage degradation may be related to increased pH of ruminal fluid which improves 

the rumen conditions for cellulolytic microorganisms to thrive. It can be summarised 

that the higher NDF level of the high PKE concentrate used in the current study did 

not improve the cellulolytic and fibrolytic micro-organism activity in the rumen 

significantly. 

 

Table 5.3 The in situ dry matter disappearance, neutral detergent fibre disappearance and 

neutral detergent fibre disappearance rate of the available kikuyu/ryegrass pasture at three 

incubation periods from Jersey cows (n = 8) fed concentrate at 6 kg (as is) per day per cow, 

which included either 0% PKE (control) or 40% PKE (high PKE) inclusion  

Parameter1 Incubation 
period (h) 

Treatment concentrate2 

SEM3 P-value 
Control High PKE 

DMd (%) 6 53.38 55.37 2.91 0.65 

 
18 78.52 80.79 1.80 0.41 

 
30 87.48 89.70 1.12 0.21 

NDFd (%) 6 29.75 32.45 3.37 0.59 

 
18 65.05 67.92 2.76 0.49 

 
30 79.49 82.85 1.82 0.24 

NDF Kd (%/h) 6 7.79 7.62 0.73 0.88 

 
18 8.34 8.36 0.54 0.98 

 
30 8.66 9.03 0.32 0.44 

 
Mean 8.26 8.34 0.44 0.91 

1
DMd – dry matter disappearance; NDFd – neutral detergent fibre disappearance; NDF kd – rate of 

neutral detergent fibre disappearance 
2
Control – concentrate containing 0% PKE; High PKE – concentrate containing 40% PKE; PKE – 

palm kernel expeller 
3
SEM – standard error of the mean 
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5.4 Conclusion 

The inclusion of PKE, at 40% inclusion level, in concentrate for Jersey cows did 

not affect the ruminal VFA concentrations, NH3-N concentration, pasture in situ DMd, 

NDFd or NDF kd, or the rumen fluid pH (P > 0.05) when compared to cows receiving 

the control diet. The acetic to propionic acid ratio was higher for the high PKE 

treatment cows (P < 0.05); this could lead to a higher milk fat percentage, but was 

not observed in this study. Results therefore suggest that a 20% inclusion level of 

PKE would not affect ruminal fermentation patterns in a different way than the 40% 

inclusion level or the control diet.  

No adverse effects of treatment concentrates on cow health were observed in 

this study, but the short-term duration of the study did not allow for any conclusions 

with regard to PKE in concentrate effects on cow health. The constant rumen 

parameters obtained in the current study indicate that the rumen environment was 

healthy at all times for both the treatments. Further comparisons involving PKE 

inclusions in dairy concentrates and starch-based and fibre-based concentrates fed 

to grazing cows would be of interest.  
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 CHAPTER 6 

Economical evaluation 

 

The net daily and monthly profit of each treatment concentrate was compared 

to each other as represented in Table 6.1. The net daily and monthly profit only 

represents the income over feed cost and does not take any labour, machinery or 

any other farm related costs into account. Feed price was the only variable between 

treatments; all other factors were assumed similar and would not influence the 

economic analysis.   

The herd size for the calculations consisted of 280 cows in milk, which is the 

average number of cows per producer in the Western Cape. Milk price is based on 

milk composition (milk fat %, milk protein %, and SCC). As there were no differences 

(P > 0.05) observed between the milk yield or the milk composition of the three 

treatment groups, the milk yield and milk price obtained for the control treatment 

group (21.3 kg/cow/day, R 3.74) was used over all three treatment groups. The 

average PKE cost from January 2012 to September 2012 was obtained from Pieter 

Brönn (Intelact (Pty) Ltd, Eastern Cape, pbronn@farmvision.co.za), the average feed 

cost from January 2012 to September 2012 was obtained from NOVA feeds, the milk 

price was obtained from Nestlé in September 2012, and the pasture cost was 

obtained from Outeniqua Research Farm in September 2012. The PKE cost included 

a transport fee of R 250/t in bulk from Port Elizabeth (Eastern Cape, RSA) to George 

(Western Cape, RSA). 

In conclusion, the economical evaluation from this study illustrated that the high 

PKE treatment group resulted in the highest net profit margin over feed cost, 

followed by the low PKE treatment group, at a PKE:maize price ratio of 0.86. The 

replacement of higher cost maize and soybean oilcake by a lower cost PKE 

decreased feed cost. The possibility of replacing maize with PKE and the savings 

associated with the change is subject to maize and PKE price. Both the 20 and 40% 

PKE inclusion showed to be an economical prospect, because the farmer/feed 

company can save on the cost of the protein source. It is up to the farmer/feed 

company to calculate their own breakeven scenario when PKE is considered to be 

included in a dairy concentrate. 
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Table 6.1 Milk price according to milk composition, feed cost, and pasture cost for three 

concentrate treatments with different palm kernel expeller inclusions 

Parameter1 
Treatment concentrate2 

Control Low PKE High PKE 

Milk Yield (kg/cow/d) 21.3 21.3 21.3 

Milk Price (R/L) R 3.74 R 3.74 R 3.74 

Milk Income (R/cow/d) R 79.66 R 79.66 R 79.66 

Milk Income (R/herd/d) R 22 305.36 R 22 305.36 R 22 305.36 

Decrease in daily income (R/herd/d) R 0.00 R 0.00 R 0.00 

Maize price (R/t) R 2 580.00 R 2 580.00 R 2 580.00 

PKE price (R/t) R 0.00 R 2 225.00 R 2 225.00 

Soybean Oilcake Price (R/t) R 4 400.00 R 4 400.00 R 4 400.00 

PKE:Maize price ratio 0.00 0.86 0.86 

Feed Price (R/t) R 3 449.00 R 3 277.00 R 3 100.00 

Feed Price (R/cow/d) R 20.69 R 19.66 R 18.60 

Feed Price (R/herd/d) R 5 794.32 R 5 505.36 R 5 208.00 

Decrease in daily input cost (R/herd/d) R 0.00 R 288.96 R 586.32 

Pasture Price (R/kg) R 1.00 R 1.00 R 1.00 

Pasture Price (R/cow/d) R 9.00 R 9.00 R 9.00 

Pasture Price (R/herd/d) R 2 520.00 R 2 520.00 R 2 520.00 

Decrease in daily input cost (R/herd/d) R 0.00 R 0.00 R 0.00 

Margin over feed cost (R/herd/d) R 13 991.04 R 14 280.00 R 14 577.36 

Margin over feed cost (R/herd/month) R 426 726.72  R 435 540.00 R 444 609.48 

Increased margin over feed cost compared 
to control (R/herd/d) 

R 0.00 R 288.96 R 586.32 

Increased margin over feed cost compared 
to control (R/herd/month) 

R 0.00 R 8 813.28 R 17 882.76 

1
Herd – 280 cows; R – South African Rand; PKE – palm kernel expeller; d – day; t – ton   

2
Control – concentrate containing 0% PKE; Low PKE – concentrate containing 20% PKE; High PKE – 

concentrate containing 40% PKE 
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 CHAPTER 7 

Critical evaluation 

7.1 Pasture and concentrate 

Pasture intake estimation: The RPM was used in combination with a 

regression, which was specifically designed for the paddock utilised in this study, to 

determine pasture allowance and pasture intake. It is however well known that this 

technique is inaccurate in determining pasture intake. One of the reasons for this 

inaccuracy is the fact that a herd average is used rather than an individual 

measurement for each cow. On the contrary, the RPM is a valuable tool for 

determining pre- and post-grazing heights, hence stocking rate. Intake measurement 

was not the main focus of the study. The measurement of individual intake would 

have added value to our study. More research is needed on practical alternatives to 

estimate DMI of cows on pasture. 

 

Concentrate refusals: In this study cows were adapted for 7 days on the 

pasture with ad libitum access to PKE followed by 14 days adaptation receiving 

allocated treatment concentrate. Palm kernel expeller has a low palatability; 

therefore extended adaptation periods could be debated.  

7.2 Rumen Study 

Indwelling pH loggers: The indwelling pH loggers used in this study presented a 

calibration challenge; long hours were expended in calibrating these pH loggers. It 

could be debated that the size and shape of the loggers could further be improved to 

overcome the occasional bump to the logger caused by the milking parlour bale and 

nearby cows. This was because the pH loggers jutted slightly from the rumen. 

However, the pH loggers were functional and reliable pH data was obtained.  
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Rumen fluid and handheld pH sampling intervals: Only three time intervals 

were used for rumen sample collections (06:30 AM, 13:30 PM and 20:30 PM). 

Perhaps four sampling time intervals, evenly dispersed over 24 h, could be used to 

establish a trend in the ruminal VFA concentrations and NH3-N levels, but this was 

not the purpose of the study. The purpose of the study was to determine the effect of 

the concentrate on the designated rumen parameters. Implementing more sampling 

time intervals marginally before and after concentrate intake, would perhaps 

describe the effect of the concentrate on the rumen parameters more accurately.  

 

Rumen sampling area for rumen fluid: The technique used to collect rumen fluid 

in this study, involves rumen fluid being collected from various areas in the rumen. 

This could cause sampling error, due to the fact that the rumen content is divided 

into pools which consist of different phases. Each of these pools could have different 

VFA and NH3-N concentrations, and pH levels. Perhaps a standardised technique 

can be designed to target a specific region (pool) within the rumen to obtain 

homogeneous rumen fluid samples or to compare rumen fluid samples collected 

from different regions within the rumen.  
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APPENDIX A 

 

Table A1 The blocking sequence of the individual cows according to 4% fat corrected milk, days 

in milk and lactation number with their randomly allocated treatments  

Cow name Lactation no. DIM
1
 17/08/2011 4% FCM

2 
Block Treatment

3 

TPANS 6 3 69 33.1 1 3 

TSUSA 17 7 84 32.9 1 1 

TAMSA 48 4 78 31.7 1 2 

TARNA  3 7 91 30.7 2 1 

TLUA 22 4 80 30.5 2 3 

TMAX 13 8 46 30.1 2 2 

TMAX 26 4 96 29.9 3 3 

TPANS 11 2 47 29.8 3 2 

TLUA 20 4 47 29.7 4 3 

TSUSA 54 3 80 29.3 4 1 

TAMSA 64 3 109 29.1 3 1 

TWANDA 15 3 51 28.8 5 1 

TAMSA 90 2 47 28.8 4 2 

TSANTA  5 6 131 28.7 5 2 

TMELBA  1 5 98 28.6 6 3 

TBERTA 61 5 77 28.6 6 1 

TBERT 29 6 80 28.5 7 1 

TSUSA 43 4 100 28.2 5 3 

TTES 15 2 85 28.2 6 2 

TPAUL 12 3 107 27.6 7 3 

TAMSA 65 3 117 27.6 7 2 

TPANS 10 2 31 27.2 9 1 

TAMSA 58 3 163 27.0 9 3 

TPAUL 13 4 85 26.9 8 2 

TBERT 34 5 127 26.7 8 3 

TMONA 13 2 128 26.7 8 1 

TMAX 18 5 159 26.6 9 2 

TPAUL 18 2 51 24.3 10 3 

TBERTA 58 3 126 23.4 10 1 

TAMSA 77 2 126 23.3 10 2 

TSUSA 37 4 93 23.3 11 1 

TAMSA 11 8 36 23.1 11 3 

TWAND 11 4 21 23.1 11 2 

TPAUL 11 4 24 22.9 12 3 

TBERT 22 8 70 22.4 13 3 

TETNA 9 2 67 22.1 12 1 

TMAX 25 4 115 21.9 13 2 

TPAUL 17 2 93 21.5 12 2 

TBERT 36 7 92 21.2 13 1 

TAMSA 13 7 153 21.1 14 1 

TSUSA 59 2 159 21.0 14 3 

TWANDA 23 2 23 20.6 14 2 

TSUSA 48 3 136 20.5 15 1 

TLUA 21 4 122 20.4 15 2 

TLIZ 13 5 22 20.2 15 3 

THES 7 2 21 19.8 16 2 

TAMSA 68 3 19 19.3 16 1 

TAMSA 88 2 28 18.7 16 3 
1
DIM – days in milk 

2
FCM – fat corrected milk (as from 25 Julie to 15 August 2011) 

3
Treatment 1 – Control; Treatment 2 – Low PKE; Treatment 3 – High PKE 
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