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Abstract 

The aim of the study was to determine the effect of different inclusion levels of palm kernel 

expeller (PKE) in dairy concentrates for grazing Jersey cows on lactation performance and 

rumen fermentation patterns. Forty-eight multiparous, Jersey cows, grazing kikuyu-ryegrass 

during spring, were blocked according to 4% fat corrected milk, days in milk and lactation 

number and randomly allocated to three treatments based on PKE level in the concentrate. 

The PKE inclusion in the control (C), low PKE (LP), and high PKE (HP) treatment 

concentrates was 0, 200, and 400 g/kg, respectively, and was fed for a 60 d period, preceded 

by a 21 d adaptation period. The PKE partially substituted some of the maize and soybean in 

the concentrate. Additionally, eight rumen-fistulated, lactating dairy cows were randomly 

allocated to the C and HP treatment in a two period cross-over design. Cows received 6 kg 

(as is) concentrate per day divided over two milkings and strip-grazed pasture as one group. 



 

Milk yield and milk fat content did not differ between treatments and were 21.3, 21.3 and 

20.7 kg/cow/d and 46.3, and 46.5, and 46.6 g/kg for the C, LP and HP treatment, 

respectively. Milk protein, milk urea nitrogen, body weight and body condition score did not 

differ between cows on all treatments. Total volatile fatty acid, mean ruminal pH, ammonia 

nitrogen, and in situ pasture dry matter and neutral detergent fibre degradability did not differ 

between cows on all treatments. The acetic to propionic acid ratio was higher (P=0.006) for 

cows receiving treatment HP compared to cows receiving treatment C (3.40 vs. 3.22). It was 

concluded that PKE can sustain milk yield and milk fat components at a level of up to 400 

g/kg of concentrate when fed at 6 kg/cow/d to cows grazing kikuyu-ryegrass pasture. A more 

practical recommendation might be to limit PKE to 200 g/kg of concentrate due to potential 

palatability problems and a slow rate of intake when fed during milking in the parlour. 

Keywords: Byproduct; fibre-based concentrate; NDF; milk production; milk composition; 

rumen fermentation 

Abbreviations: PKE, palm kernel expeller; PKC, palm kernel cake; PKM, palm kernel meal; 

SEPKC, solvent extracted palm kernel cake; TMR, total mix ration; RPM, rising plate meter; 

DMI, dry matter intake; FCM, fat corrected milk; C, control treatment; LP, low PKE 

treatment; HP, high PKE treatment; MUN, milk urea nitrogen; BW, body weight; BCS, body 

condition score; DM, dry matter; CP, crude protein; ME, metabolisable energy; NDF, neutral 

detergent fibre; ADF, acid detergent fibre; ADL, acid detergent lignin; EE, ether extract; 

IVOMD, in vitro organic matter digestibility; OMD, organic matter digestibility; VFA, 

volatile fatty acid; A:P, acetic to propionic acid ratio; DMd, dry matter degradability; NDFd, 

neutral detergent fibre degradability; NDF kd, neutral detergent fibre degradability rate  



 

1. Introduction 

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

grazing high quality pasture (Dixon and Stockdale, 1999). Allen (2000) stated that energy 

supply is the first limiting factor for increasing productivity of lactating dairy cows. 

Supplements can overcome the nutrient gap, but at the cost of potentially substituting pasture 

dry matter intake (DMI). Supplements are also cost sensitive and are affected by the 

continuous fluctuation of feed ingredient prices. Therefore, improving the efficiency of 

production and reducing cost of supplemental concentrates for dairy cows are becoming 

increasingly important both for the smallholder and commercial dairy farmer. High maize 

and oilcake prices have a substantial impact on the production cost of milk. Maize grain can 

constitute up to 700 to 800 g/kg of a conventional dairy concentrate and soybean oilcake can 

constitute up to 80 to 120 g/kg of the concentrate (Meeske et al., 2009). According to Meeske 

et al. (2006), concentrates contribute up to 66% of the total feed cost in pasture dairy grazing 

systems and, therefore, expensive energy and protein sources are subject to replacement by 

less expensive by-product feeds. High fibre by-products can contribute to maintaining a 

normal ruminal pH, enhance pasture digestion and hence result in increased DMI (Bargo et 

al., 2003). Bradford and 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 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 (Elaeis guineensis) 

seed, representing ca. 50% of the original kernel (Abdullah and Hutagalung, 1988; Carvalho 

et al., 2006) and has long been recognised to be a significant ingredient in animal feed 

formulation (Collingwood, 1958). 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 (Hindle et al., 1995). Two types of PKC are commercially available: 1) 



 

oil extracted by screw presses, termed palm kernel expeller (PKE; brown colour) or 2) 

solvent extraction, termed solvent extracted palm kernel cake (SEPKC; white grey colour) 

(O`Mara et al., 1999). Palm kernel expeller is usually used for animal feeds rather than 

SEPKC, especially in ruminant diets because of its fibrous nature (Abdullah et al., 1995). 

According to MAFF (1992), PKE is considered as a medium quality energy feed with a 

moderate crude protein (CP) content. O`Mara et al. (1999) added that PKE is a moderate 

quality feed in terms of digestibility for ruminants (organic matter digestibility (OMD) <710 

g/kg), but high in fibre, coarse and granular, and lowly palatable (Chanjula et al., 2010). 

Zahari and Alimon (2003) stated that PKE is used as a source of energy and fibre for dairy 

cattle at inclusion levels of 300 to 500 g/kg of the total diet, however Carvalho et al. (2006) 

stated that PKM is generally included in small amounts (<100 g/kg) in dairy concentrates due 

to its low palatability. 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 (50, 100 and 150 g/kg inclusion). However, the 

milk lactose content tended to increase as PKM inclusion increased (0.10 >P >0.05). This 

study also reported that feed costs decreased without negative effects on productive responses 

when PKM was included up to 150 g/kg in a TMR. However, the PKM evaluated in the latter 

study was SEPKC and not PKE.   

Further research on the use of PKE in grazing dairy cows is justified as the majority of 

studies regarding PKE on animal production were performed on goats, beef cattle and water 

buffalo. Feeding recommendations on inclusion levels cannot be made with confidence, 

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 energy value of a dairy concentrate will decrease when PKE replaces maize and 



 

this should decrease milk production. The question is to what extent improved pasture 

digestion will compensate for the lower ME intake on concentrates containing more PKE and 

less maize.   

The objectives of this study were to determine the effect of partially replacing maize 

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

and rumen environment of cows grazing kikuyu-ryegrass pasture during spring. 

2. Materials and methods 

2.1 Location description 

The study was conducted at the Outeniqua Research Farm (33°58´38´´S and 

22°25´16´´E; altitude 210 m above sea level) near George, South Africa. The area has a 

temperate climate with a long-term (45 years) mean annual precipitation of 732 mm, received 

throughout the year (ARC-ISCW, 2011). During the study period the total precipitation was 

277.4 mm and the mean daily maximum- and mean daily minimum temperatures were 

19.9°C and 9.3°C, respectively. The paddock where the study was conducted consisted of 

8.55 ha of permanent irrigated kikuyu (Pennisetum clandestinum) and annual ryegrass 

(Lolium multiflorum var. italicum) pasture. The soil properties of this paddock are described 

in detail by Swanepoel et al. (2013). The study was performed from the 12
th

 of August 2011 

to the 1
st
 of November 2011 with a 60 d data collecting period. 

2.2 Pasture performance management 

The pastures were managed as an irrigated pasture under a no-tillage regime, according 

to the recommended guidelines for kikuyu-ryegrass (Botha, 2003). The pasture consisted 

predominantly of ryegrass during the study period, since kikuyu is dormant during August 

and September in the southern Cape region (Botha, 2003). The paddock was divided into 39 

strips, with each strip having a length of 150 m and a width of 15 m. Each strip was top-



 

dressed with 42 kg of N/ha after each grazing using limestone ammonium nitrate (280 g 

N/kg). Pasture dry matter (DM) yield per area was estimated by using the rising plate meter 

(RPM), which was calibrated according to the methods described by Van der Colf (2011). 

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

on the strip above 30 mm, which was calculated using the RPM measurements and seasonal 

regression equation (Table 1). Cows receiving the different treatments strip-grazed the 

pasture as one group, which was allocated at ca. 10 kg DM/cow/d. An after-grazing height of 

50 mm was maintained to ensure that the pasture was not over-grazed and that the cows 

received adequate pasture. This was done by adjusting the allocated kilogram DM pasture per 

cow using the estimated DM yield per hectare. A 28 d grazing cycle was implemented. Fresh 

drinking water was available ad libitum. The pasture parameters collected over the period of 

the study are shown in Table 1. The mean chemical composition of the kikuyu-ryegrass  

Table 1 : Mean (±standard deviation) of the pre- and post-grazing rising plate meter height (n = 109), pasture 

yield above 30 mm, pasture allowance and pasture intake determined using the seasonal linear regression (Y = 

119.94*H – 897.71; Y = pasture yield and H = rising plate meter height) 

  

  

Parameter
 

Pasture Values
 

  

Pre-grazing 
 

    RPM
1
 height (1 unit = 5 mm) 24.7±3.2 

    Pasture yield (kg DM/ha)* 2061±378 

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

  

Post-grazing 
 

    RPM height (1 unit = 5 mm) 10.7±0.9 

    Pasture yield (kg DM/ha)*   388±109 

    Pasture removed (kg DM/ha) 1674±368 

    Estimated pasture intake (kg DM/cow/d)   9.0±1.4 

  
 

1 
RPM–rising plate meter; DM–dry matter. 

*
 Estimated pasture yield above 30 mm ground level. 

 



 

Table 2 : The ingredient and mean (±standard deviation) chemical composition of each of the three treatment concentrates (n = 4), chemical composition of the 

palm kernel expeller (n = 4) included in the concentrates and the chemical composition of the kikuyu-ryegrass pasture (n = 8) at point of grazing in spring 

  

 

Treatment concentrate1 (n = 4) 
PKE2 

(n = 4) 

Pasture  

(n = 8) 
C LP HP 

      

Ingredient (g/kg)      

    Ground maize 816 657 499  
 

    Palm kernel expeller 0 200 400  
 

    Soybean oilcake 105 66 25  
 

    Molasses 50 50 50  
 

    Feedlime 15 14 13  
 

    Salt 6.0 6.0 6.0  
 

    Magnesium oxide 3.0 2.5 2.0  
 

    Vit & Min Premix3 5.0 5.0 5.0  
 

      

Chemical4  

(g/kg DM or as stated)    
 

 

    Dry matter (as is) 886±3.0 893±1.3 901±1.1 904±5.9 129±12.8 

    Organic matter  946±0.9 942±2.4 941±0.3 954±1.3 894±9.2 

    IVOMD 920±13.0 872±7.6 816±5.6 505±3.1 802±24.9 

    ME (MJ/kg) 13.2±0.1 12.7±0.1 12.2±0.1 8.40±0.1 11.5±0.6 

    Non fibre carbohydrate 696±16.2 596±8.9 472±13.0 nd5 154±64.9 

    CP 123±3.3 121±1.7 123±0.3 190±3.7 215±21.9 

    CP:ME ratio 0.93±0.03 0.95±0.01 1.00±0.01 2.26±0.19 1.87±0.24 

    Neutral detergent fibre 103±11.9 188±5.6 295±12.4 784±11.6 494±39.4 

    Acid detergent fibre 41.3±8.8 105±4.6 182±13.8 534±32.6 302±26.3 

    Acid detergent lignin 11.5±1.5 30.3±1.8 58.2±4.7 nd 21.2±5.8 

    Starch 608±24.8 510±1.0 395±8.4 nd 13.2±3.7 

    Ether extract 26.2±1.3 39.2±2.8 53.9±1.6 92.9±4.8 39.6±3.8 

    Ca  6.7±0.5 8.5±0.3 8.4±0.2 5.7±0.4 3.8±0.4 

    P  2.9±0.1 3.4±0.1 3.9±0.1 6.9±0.4 3.4±0.5 

    Ca:P ratio 2.31±0.26 2.48±0.05 2.12±0.05 0.82±0.02 1.12±0.17 

      
1 C–concentrate containing 0 g/kg PKE; LP–concentrate containing 200 g/kg PKE; HP–concentrate containing 400 g/kg PKE. 
2 PKE–palm kernel expeller. 
3 Premix (Coprex Dairy Premix)–(per unit of premix) 6 million IU vitamin A; 1 million IU vitamin D3; 8000 IU vitamin E; 100 g zinc, 50 g manganese, 20 g copper, 1.7 g iodine; 1 g 

cobalt; 300 mg selenium. 
4 IVOMD–in vitro organic matter digestibility; ME–metabolisable energy; CP–crude protein; CP:ME ratio–crude protein to metabolisable energy ratio; Ca–calcium; P–phosphorus; Ca:P 

ratio–calcium to phosphorus ratio. 
5 nd–not determined. 

Molasweet (powdered feed flavour) added at 0.16 g/kg in each treatment concentrate. 



 

pasture utilised during spring is shown in Table 2. 

2.3 Cows and treatments 

This study consisted of a milk production and rumen fermentation study using intact 

lactating cows and lactating rumen-fistulated cows, respectively. The two studies were 

conducted concurrently. Cows from both the studies were milked together, but the milk 

production data of cows in the rumen fermentation study were excluded from the production 

study as these cows had to be switched over due to the experimental design.  

Cows walked ca. 800 m before and after each milking as one group. Cows were milked 

in groups of 20 cows twice a day (05:30 and 15:30) using a 20-point Dairy Master swing over 

milking machine with weigh-all electronic milk meters (Total Pipeline Industries, 33 Van 

Riebeeck Street, Heidelberg, South Africa, 6665), and clusters removed manually. Three 

concentrate substitution rates were formulated as shown in Table 2: 1) control (C; 0 g/kg), 2) 

low PKE (LP; 200 g/kg), or 3) high PKE (HP; 400 g/kg). The PKE replaced part of the maize 

and soybean oilcake in the concentrate. The C treatment concentrate can be described as a 

high starch/low fibre-based concentrate, the LP treatment concentrate as a medium 

starch/medium fibre-based concentrate and the HP treatment concentrate as a low starch/high 

fibre-based concentrate, respectively. This is due to the decrease in metabolisable energy 

(ME), starch, non fibre carbohydrate and in vitro organic matter digestibility (IVOMD), and 

the increase in neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent 

lignin (ADL) levels in the order of C<LP<HP concentrate. Concentrates of the different 

treatments were fed individually to cows in the milking parlour at 6 kg/cow (as is) divided 

over two milkings. Concentrates were balanced to be iso-nitrogenous and were fed in meal 

form. Molasweet (Nutec Explicit Nutrition, Block G, Hilton Quarry Office Park, 400 Old 

Howick Road, Hilton, KZN), a powdered feed flavour was added at 0.16 g/kg to each of the 

three treatment concentrates to enhance palatability.  



 

2.3.1 Production study 

Forty-eight multiparous, Jersey cows (4% FCM, 27.2±4.1 kg/d; days in milk, 

83.5±41.3; lactation number, 3.9±1.8; mean±SD) were selected based on their 4% FCM, days 

in milk and lactation number and randomly allocated to the C, LP and HP treatment 

concentrates. Milk yield was recorded daily and milk composition was determined fortnightly 

over a 60 d period, after a 21 d adaptation period (7 d on the pasture with ad libitum access to 

PKE followed by 14 d of feeding allocated treatments in the milking parlour). 

2.3.2 Rumen fermentation study 

Eight lactating, rumen-fistulated cows were randomly allocated to either the C or the 

HP treatment in a two period cross-over design. All cows were therefore subjected to the C 

and HP treatment concentrates. The rationales for not including the LP treatment are due to 

practical and financial constraints, limited rumen-fistulated cows were available. Due to 

individual variation between cows a cross-over experimental design was implemented. 

Pasture growing season is a major factor to take into account as pasture quality may change 

over time. A 2 x 2 cross-over design takes less time to complete than a 3 x 3 cross-over. 

Cows have previously been fitted with Bar Diamond #1C rumen cannulae (Bar Diamond Inc, 

P.O. Box 60, Parma, Idaho, USA). Cows were once-off subjected to a 7 d adaptation period 

with ad libitum access to PKE at pasture followed by 20 d adaptation of feeding the allocated 

treatment concentrates in the milking parlour before each data collection period. Data were 

collected over a period of 8 d for each of the two cross-over periods. Ruminal pH, NH3-N, 

VFA’s and in situ pasture DM degradability (DMd), NDF degradability (NDFd) as well as 

rate of NDFd (NDF kd) were determined. 



 

2.4 Experimental measures and sample analyses 

2.4.1 Pasture and concentrate 

A total of six representative pasture samples (0.098 m
2
 each) were cut weekly at a 

stubble height of 30 mm at point of grazing. Pasture samples required for the in situ nylon 

bag technique were cut concurrently at a height of 30 mm given a pasture yield of >1500 kg 

DM/ha. Samples were dried at 60°C for 72 h in a force-draft oven to determine the DM 

content (Botha, 2003). The six pasture samples for chemical analyses cut per week were 

pooled, milled with a SMC Hammer mill to pass a 1 mm screen, resulting in eight pooled 

pasture samples, and stored at -20°C pending chemical analyses. Dried samples for the in situ 

nylon bag study were cut into 5 – 10 mm segments. Weekly grab samples of each treatment 

concentrate were taken and pooled fortnightly, resulting in 12 concentrate samples (four for 

each treatment) at the end of the study. Dry matter of the concentrate samples was recorded 

in the exact same way as the pasture samples.  

Pasture and concentrate samples of the feed offered were analysed for DM, ash, CP (N 

determined using LECO Trumac
TM

 N Determinator, LECO Corporation, Saint Joseph, MI, 

USA; CP = N x 6.25), calcium (Ca), phosphorus (P), starch and ether extract (EE), according 

to procedures of the AOAC (2000): method 934.01, 942.05, 968.06, 935.13, 965.17, 996.11 

and 920.39, respectively. Neutral detergent fibre (aNDFom) was determined by filter bag 

technique with added heat stable alpha-amylase (protein enzyme EC 3.2.1.1; 1,4-α-D-glucan 

glucanohydrolase) and anhydrous sodium sulfite and expressed exclusive of residual ash 

(Robertson and Van Soest, 1981; using the ANKOM
2000

 fibre analyser, method 9). Acid 

detergent fibre expressed exclusive of residual ash (ADFom) (Goering and Van Soest, 1970; 

using the ANKOM
2000

 fibre analyser, method 8), ADL (sa) (Goering and Van Soest, 1970; by 

solubilization of cellulose with sulphuric acid), IVOMD (Tilley and Terry, 1963; using rumen 

fluid from a rumen-fistulated Dohne Merino ram, which was fed good quality Lucerne hay) 



 

and gross energy (MC – 1000 Modular Calorimeter, Operators Manual) were also analysed. 

Metabolisable energy (MJ/kg DM) was calculated from IVOMD as follows: ME = 0.84 x 

gross energy x OMD for concentrate samples and ME = 0.81 x gross energy x OMD for 

pasture samples (MAFF, 1984). The following formula was used to calculate non fibre 

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

2.4.2 Production parameters 

Milk production was recorded at each milking and milk yields were converted to 4% 

FCM according to Gaines (1928). Composite, pooled morning and afternoon milk samples 

were taken fortnightly for each cow. Milk samples were preserved in potassium dichromate.  

Milk component (fat, protein and lactose) analysis was done using the Fourier 

Transform Spectrometer technology by means of the Bentley FTS (Bentley Instruments Inc., 

Minnesota, USA, 55318). Milk urea N (MUN) analysis was done by means of a ChemSpec 

150 (Bentley Instruments Inc., Minnesota, USA, 55318) that utilises a modified Berthelot 

reaction. Somatic cell count analysis was performed using flow cytometry by means of the 

Somacount FCM (Bentley Instruments Inc., Minnesota, USA, 55318). 

Cows were weighed using a Tru-Test EziWeigh v. 1.0 scale (0.5 kg accuracy, 

Auckland, New Zealand) and body condition scored at the beginning and completion of the 

study period. The weighing 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., 1981). Scoring 

was focused only on appearance and palpation of back and hind quarters and was performed 

subjectively by the same person to ensure consistency. Concentrate refusals were collected 

and recorded after each milking.  



 

2.4.3 Rumen parameters 

 Ruminal pH was measured using indwelling pH-HR pH/temperature logging systems 

(TruTrack Data Logger, www.intech.co.nz). The loggers were protected by a custom-made 

capsule that fitted in the Bar Diamond #1C rumen cannula. The Omnilog Data Management 

Program (v. 1.64) was used to calibrate the loggers with buffer solutions of pH 4, 7 and 9. 

The logging systems logged a mean pH value in 10 min intervals over a 4 d period. Data sets 

were reduced to 30 min intervals by taking the mean 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. 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.  

Approximately 100 ml of rumen fluid was collected during each sampling interval from 

each cow using a customised hand drain pump via a 5 mm diameter hole in the cannula plug. 

Rumen fluid samples were collected at three time intervals (06:30, 13:30 and 20:30) during a 

24 h cycle. Samples were sealed air tight directly after extraction pending pH measurement. 

The pH of the samples was determined on site directly after extraction using a hand held pH 

logger (WTW pH340i pH meter/data logger attached with a WTW Sentix 41 pH electrode). 

Samples were filtered through four layers of cheesecloth to remove solid particles. Two 

samples were prepared for each cow: a 5:1 ratio of rumen fluid and 25 ml/100 ml H3PO3 

solution (VFA analyses), and a 6:1 ratio of rumen fluid and 50 ml/100 ml H2SO4 solution 

(NH3-N analyses). Samples were stored at -20°C pending analyses. Samples were centrifuged 

for 10 min at a centrifugal force of 24732 m/s
2
 after which the supernatant was removed and 

filtered through syringe filters with a 0.45 µm GHP (hydrophilic polypropylene) membrane. 

Volatile fatty acids were analysed according to the method ascribed by (Broderick and Kang, 

http://www.intech.co.nz/


 

1980) modified by (Webb, 1994) and rumen NH3-N was analysed according to (Broderick 

and Kang, 1980). 

An in situ nylon bag technique was used to estimate DMd, NDFd and NDF kd of the 

available kikuyu-ryegrass pasture affected by different PKE inclusions in the concentrate. 

Dried cut pasture samples were 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 of 12.5 mg/cm
2
 was obtained by weighing 5 g DM of sample into each bag. Nylon bags 

were sealed using a cable tie and placed in an opaque stocking carrier pending incubation, 

according to the method described by Cruywagen (2006). Nylon bags were inserted into the 

rumen simultaneously via rumen cannula and incubated in replicates of two for 0, 6, 18 and 

30 h. After incubation, nylon bags were rinsed under running cold water for two minutes 

where after it was preserved at -20°C. This was done for each time interval removal. All the 

nylon bags were washed together in a Defy Twinmaid washing machine with cold water for 

three consecutive 3 min cycles without spinning (gentle function). After each cycle, the water 

was drained and replaced with clean cold water. Bags were subsequently dried at 55°C for 72 

h. The zero time point bags were treated in the same manner, excluding incubation. The in 

situ bag residues were analysed for DM and NDF content similar to the pasture and 

concentrate sample analyses. The NDF kd was calculated using the NDF rate calculator 

developed by Van Amburgh et al. (2003). 

2.4.4 Statistical analysis 

For the production study data (milk production, milk component analyses, BW, BCS 

and concentrate refusals) a randomized block design was implemented. Forty eight intact 

lactating cows were divided into 16 blocks (three cows per block) according to 4% FCM, 

days in milk and lactation number. Treatments (C, LP or HP) were randomly allocated to 

each block. An analysis of variance with the general linear model procedure was used to test 



 

for significance among treatment means (SAS, 2012). Covariance was not included due to the 

blocking of cows, which is expected to minimise variation, based on animal factors, between 

treatments. The model used to analyze the treatment, block and cow effects on milk, BW and 

concentrate refusal parameters was: Yij = µ + Ti + Bj + eij, where Yik = dependent variable 

from production study data of the i
th

 treatment group and j
th

 block, µ = the mean of the 

population, Ti = effect of the i
th

 treatment (T = C, LP or HP), Bj = effect of blocks of the j
th

 

cow (B = 1, 2, 3…16) and eij = random experimental error. 

For the rumen fermentation study data (ruminal pH, VFA profile, NH3-N, DMd, NDFd 

and NDF kd) a cross-over design was implemented. Eight rumen-fistulated cows were 

randomly divided into the C and HP treatment groups (four cows per treatment). An analysis 

of variance with the general linear model procedure was used to test for significance among 

treatment means (SAS, 2012). The model used to analyze the treatment, period and cow 

effects on rumen fermentation, pH and degradability parameters was: Yik = µ + Ti + Pk + eik, 

where Yik = dependent variable from rumen fermentation study data of the i
th

 treatment group 

(C or HP) on the k
th

 period (first or second period in cross-over design), µ = the mean of the 

population, Ti = effect of the i
th

 treatment, Pk = effect of the k
th

 period, and eik = random 

experimental error. 

Residuals were normally distributed and had homogeneous variances. Means were 

separated using the Fischer’s test; significance and tendencies were declared at P<0.05 and 

0.10>P>0.05, respectively (Samuels, 1989). 

3. Results 

3.1 Production parameters 

The mean milk yield, 4% FCM, milk components (fat, protein, lactose, somatic cell 

count and MUN), milk fat and protein yield, as well as change in BW and BCS are  



 

Table 3 :  The mean milk yield, 4% fat corrected milk, milk fat and protein yield, milk components (fat, protein, 

lactose, somatic cell count and milk urea nitrogen), body weight, body condition score and total daily 

concentrate refusals of Jersey cows (n = 16) fed 6 kg (as is) concentrate per day, which included either 0, 200 or 

400 g/kg PKE inclusion, respectively, grazing kikuyu-ryegrass pasture during spring 
 

Parameter 

Treatment concentrate1 

SEM2 P-value 

C LP HP 

      

Production (kg/cow/d)      

    Milk yield  21.3 21.3 20.7 0.68 0.78 

    4% Fat corrected milk  23.2 23.2 22.7 0.69 0.83 

    Fat yield  0.98 0.98 0.96 0.033 0.89 

    Protein yield  0.75 0.73 0.72 0.022 0.64 

      

Milk composition (g/kg)      

    Fat  46.3 46.5 46.6 1.33 0.98 

    Protein  35.4 34.6 35.0 0.51 0.52 

    Lactose  47.3a 46.7ab 45.8b 0.34 0.013 

    Milk urea nitrogen (mg/dL) 17.7 18.6 19.1 0.50 0.14 

    Somatic cell count (x 103 cells/mL) 166 162 163 33.4 0.99 

      

Body weight (kg)      

    Before  376 363 373 10.0 0.64 

    After  412 396 412 10.8 0.49 

    Change  +36.5 +33.3 +39.2 2.85 0.36 

      

Body condition score (scale 1 to 5)      

    Before  2.44 2.31 2.31 0.08 0.41 

    After  2.59 2.50 2.47 0.10 0.68 

    Change  +0.16 +0.19 +0.16 0.056 0.90 

      

Concentrate refusals (g/kg)      

    Total daily refusals  47.0 42.8 102 2.43 0.17 

      
 

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

1 C–concentrate containing 0 g/kg PKE; LP–concentrate containing 200 g/kg PKE; HP–concentrate containing 400 g/kg PKE; PKE–palm 
kernel expeller. 
2 SEM–standard error of mean. 



 

represented in Table 3. The milk yield, 4% FCM, milk fat and protein content, MUN 

concentration and milk fat and protein yield were similar between cows on the C, LP and HP 

treatments with no differences. The milk lactose content was higher for cows on the C 

treatment than for cows on the HP treatment (P=0.013). Palm kernel expeller 

supplementation had no effect on BW change or BCS change of lactating dairy cows grazing 

kikuyu-ryegrass pasture. The total daily concentrate refusals did not differ between 

treatments. 

3.2 Rumen fermentation parameters 

The mean diurnal ruminal pH fluctuations measured by using the indwelling pH logging 

systems are represented in Fig. 1. The mean time (h) spent below a ruminal pH of 6.2, 6.0 

and 5.8 are represented in Table 4, the mean VFA concentrations, rumen NH3-N 

 

Fig. 1.  The mean ruminal diurnal pH of Jersey cows (n = 8) fed 6 kg (as is) concentrate per day, which included 

either 0 (C) or 400 g/kg PKE (HP) inclusion, respectively, grazing kikuyu-ryegrass pasture during spring. 

Arrows indicate when concentrate was fed and error bars indicate SEM 
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Table 4 : The mean time (h) spent below a ruminal pH of 6.2, 6.0 and 5.8 of Jersey cows (n = 8) fed 6 kg (as is) 

concentrate per day, which included either 0 (C) or 400 g/kg PKE (HP) inclusion, respectively, grazing kikuyu-

ryegrass pasture during spring 

 

  

pH 
Treatment concentrate

1 

SEM
2 

P-value 
C HP 

     

<6.2 6.50 9.37 2.334 0.42 

<6.0 1.88 3.44 1.605 0.52 

<5.8 0.31 0.88 0.588 0.52 

     
 

1 
Control–concentrate containing 0 g/kg PKE; HP–concentrate containing 400 g/kg PKE; PKE–palm kernel 

expeller. 
2 
SEM–standard error of mean. 

Table 5 : Mean volatile fatty acid concentrations, rumen 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 (C) or 400 g/kg PKE (HP) inclusion, respectively, grazing kikuyu-

ryegrass pasture during spring 

 

 

Rumen Parameter
 

Treatment concentrate
1
 

SEM
2
 P-value 

C HP 

     

Volatile fatty acids (mmol/L)     

    Total  121 118 3.4 0.63 

    Acetic acid  76.6 75.9 2.09 0.82 

    Propionic acid  24.2 22.8 0.60 0.14 

    Acetic to propionic acid ratio (units) 3.22
 

3.40
 

0.032 0.006 

    Butyric acid  17.3 16.5 0.67 0.43 

    iso-Butyric acid  1.06 1.16 0.060 0.29 

    Valeric acid  1.53 1.95 0.238 0.26 

     

Ammonia nitrogen (mg/dL) 13.8 14.6 0.59 0.39 

 
    

Handheld pH 5.89 5.89 0.026 0.89 

     
 

1 
C–concentrate containing 0 g/kg PKE; HP–concentrate containing 400 g/kg PKE; PKE–palm kernel expeller. 

2 
SEM–standard error of mean. 

 

 



 

Table 6 : The in situ dry matter degradability (DMd), neutral detergent fibre degradability (NDFd) and neutral 

detergent fibre degradability rate (NDF kd) of the available kikuyu-ryegrass pasture during spring at three 

incubation periods in Jersey cows (n = 8) fed concentrate at 6 kg (as is) per day per cow, which included either 0 

(C) or 400 g/kg PKE (HP) inclusion 

 

  

Parameter (coefficient) 
Incubation 

period (h) 

Treatment concentrate
1 

SEM
2 

P-value 
C HP 

      

DMd  6 0.53 0.55 0.029 0.65 

 
18 0.79 0.81 0.018 0.41 

 
30 0.87 0.90 0.011 0.21 

      

NDFd  6 0.30 0.32 0.034 0.59 

 
18 0.65 0.68 0.028 0.49 

 
30 0.79 0.83 0.018 0.24 

      

NDF kd (per hour) 6 0.08 0.08 0.007 0.88 

 
18 0.08 0.08 0.005 0.98 

 
30 0.09 0.09 0.003 0.44 

      

 
Mean 0.08 0.08 0.004 0.91 

      
 

1 
C–concentrate containing 0 g/kg PKE; HP–concentrate containing 400 g/kg PKE; PKE–palm kernel expeller. 

2 
SEM–standard error of mean. 

 

concentrations and handheld pH treatment effects are represented in Table 5, and the mean in 

situ DMd, NDFd and NDF kd of kikuyu-ryegrass pasture are represented in Table 6. 

The mean ruminal pH was not affected by treatment and was 6.42 and 6.33 for the C 

and HP treatment, respectively. A difference between treatments in pH was observed at the 

16:30 time interval (6.41 and 6.22 for C and HP treatments, respectively; P=0.046). This was 

probably due to cow and logger variability and does not appear to have any significant  

biological importance, as there were no differences observed between treatments at the 

remaining time intervals. The extent of ruminal pH fluctuation was similar for cows receiving 



 

both treatments and the ruminal pH decreased steadily in two cyclic pH drops in the ruminal 

pH profile post-feeding concentrate. The highest ruminal pH for cows receiving both 

treatments was prior to feeding concentrate (6.73 and 6.66, respectively at 05:30, and 6.47 

and 6.34, respectively at 15:30) and the lowest ruminal pH for cows receiving treatment C 

and HP was 5 h post afternoon concentrate feeding (6.15 and 5.97, respectively at 20:30). 

There were no differences between treatments in the amount of time spend below a pH of 6.2, 

6.0 or 5.8.  

There were no differences observed in the fatty acid profiles, ruminal NH3-N 

concentrations and handheld ruminal pH between cows fed the C and HP treatments. 

However, the mean A:P ratio of cows receiving the HP treatment were higher than that of 

cows fed the C treatment (P=0.006).  

No differences in DMd, NDFd or NDF kd were observed at all three incubation times as 

well as in the mean NDF kd between cows on the C and HP treatments. The high DMd 

coefficients obtained at the 30 h incubation period for cows on the C (0.87) and HP (0.90) 

treatments corresponds to the high IVOMD value (802 g/kg; Table 2) obtained for the grazed 

kikuyu-ryegrass pasture.  

4. Discussion 

4.1 Pasture and concentrate 

Correct pasture allocation is of immense importance as under-utilisation of pasture will 

affect pasture quality and over-utilisation of pasture impedes pasture regrowth (Stockdale, 

2000). This ensures optimal pasture regrowth and quality (Stockdale, 2000) as well as an 

indication that cows had sufficient amount of pasture available. The pasture nutrient 

composition is similar to that reported by Botha et al. (2008). The pasture utilised during this 

study can be categorised as a high quality, temperate species pasture according to the 



 

requirements set by Clark and Kanneganti (1998), i.e. NDF of 400 – 500 g/kg and CP of 180 

– 250 g/kg. The chemical composition of PKE in this study is in agreement with the findings 

of Alimon (2005), except for the higher Ca and EE value and lower ME value observed in 

this study. The EE value is similar to the findings of Chanjula et al. (2010), however the Ca 

and ME values cannot be compared to previous findings. The quality of PKE varies 

substantially.   

4.2 Production parameters 

4.2.1 Milk yield 

Milk yield remained unchanged across treatments and is in agreement with previous 

grazing studies comparing fibre-based to starch-based concentrates (Delahoy et al., 2003; 

Gehman et al., 2006; Meeske et al., 2009). A review by Bargo et al. (2003) reported that the 

overall milk production reduced slightly (-0.46 kg/d) when starch-based concentrates were 

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 grazing dairy cows, even with PKE 

being a common raw material component in formulated dairy diets. However, the milk yield 

and 4% FCM of the current study are in agreement with the results obtained by Carvalho et 

al. (2006). 

The optimum starch content in TMR diets fed to high producing dairy cows is not well 

defined, but a starch content of 240 – 260 g/kg has been suggested (Staples, 2007). In a 

survey conducted by Kaiser and Shaver (2006) starch contents varied from 250 – 300 g/kg of 

dietary DM. Recently, high maize prices have forced nutritionists to partly replace maize 

with highly digestible non-forage fibre sources such as citrus pulp, soyhulls, maize gluten and 

distiller’s grains. It was concluded that maize can be replaced with by-product feeds resulting 



 

in low starch diets (160 – 210 g/kg) 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 C concentrate was 608 g/kg compared to 395 

g/kg in the HP concentrate. Assuming a pasture DMI of 9.0 kg and starch content of 13 g/kg 

this would result in a total dietary starch content of 236 g/kg and 158 g/kg, respectively for 

the C and HP treatment concentrates.  

As PKE inclusion in the concentrate increased, the maize inclusion decreased. This 

resulted in a lower ME content in the concentrate as the PKE inclusion increased (Table 2). 

Even at the lower energy content of the HP concentrate (12.2 MJ ME/kg DM) and an 

estimated pasture DMI of 9.0 kg and 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 C 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 (LP and HP treatments) had a higher pasture DMI compared to the cows 

receiving the C concentrate. This is due to compensate for the lower energy content in the LP 

and HP concentrates compared to the C concentrate. Individual pasture intake measurement 

was, however, needed to confirm this statement. According to Gehman et al. (2006), 

increased DMI is one of the advantages that fibre-based concentrates have over starch-based 

concentrates. The review 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). This was not 

the case in the current study, where in situ pasture DMd and NDFd remained unchanged 

between treatments. Therefore the increased pasture DMI hypothesis should be interpreted 

with caution. 



 

4.2.2 Milk composition 

The milk fat and milk protein results of the current study concur to the results obtained 

by (Khalili and Sairanen, 2000) and (Carvalho et al., 2006). A review by Bargo et al. (2003) 

reported that milk protein content was reduced by -0.06 percentage units with fibre-based 

concentrates compared with starch-based concentrates, with a milk protein response range 

from -0.21 to 0.05 percentage units. Khalili and 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), however this could possibly be attributable 

to increased milk yield, with no alteration in milk lactose percentage. Carvalho et al. (2006) 

found a tendency for SEPKC inclusion in a TMR to increase lactose contents in milk 

(0.10>P>0.05). The concentration of lactose and minerals in milk do not respond predictably 

to adjustments in the diet (Sutton, 1989). Therefore, the difference in milk lactose content 

between cows on treatments in our study is perhaps biologically not significant.  

Kohn (2007) recommended MUN concentrations between 8 to 12 mg/dL under typical 

TMR production conditions. The MUN concentrations in the current study are well above 

this range. It is generally accepted that MUN ranges for fertilised pasture-based dairy systems 

are higher than that of cows on TMR systems. This is supported by a summary of MUN 

values of previous pasture-based studies where cows were supplemented with starch- or 

fibre-based concentrates: 20.1 mg/dL with a range of 9.9 to 40.0 mg/dL (Khalili and 

Sairanen, 2000; Delahoy et al., 2003; Gehman et al., 2006; Meeske et al., 2009; Lingnau, 

2011). 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. 



 

4.2.3 Body weight and condition 

The BW and BCS results of this study are similar to that found by (Sayers et al., 2003) 

and (Meeske et al., 2009). Bargo et al. (2002a) stated that BW is not subject to change in such 

a short study period as would comprise a feeding study. It can be postulated that cows did not 

lose BW or BCS at the expense of maintaining milk yield in the LP and HP treatment groups, 

therefore the allocated pasture and concentrate provided sufficient energy to sustain milk 

yield. 

4.2.4 Concentrate refusals 

There are two potential reasons for the refusals of the concentrates. Firstly, concentrates 

were fed in a meal form in the current study where the cows are normally accustomed to 

pelleted concentrates. Secondly, the low palatability of PKE could also have contributed to 

the concentrate refusals of the LP and HP 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, but this, however, is not a practical option in large herds. 

4.3 Rumen fermentation parameters 

4.3.1 Ruminal pH profile 

The ruminal pH fluctuation is in agreement with Bargo et al. (2002b) who reported that 

ruminal pH is the highest pre-concentrate feeding and lowest post-concentrate feeding. 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 ruminal pH<5 and 

pH<5.6, respectively, based on the mean and minimum ruminal pH values (Owens et al., 

1996). The mean ruminal pH of each treatment was well within the range of 6.0 to 6.9 that 

stimulates optimal ruminal fibre digestion (Kolver et al., 1998). Beauchemin and Rode 

(1999) stated that a prolonged low ruminal pH is needed to decrease ruminal fibre digestion. 

The ruminal pH of cows on the C and HP treatments was below the pH of 5.8 for less than an 



 

hour, which is well within the threshold of 475 min below a pH of 5.8 that is an indicator of 

subacute ruminal acidosis (AlZahal et al., 2007). This indicates that the combination of the 

pasture and treatment concentrates provided sufficient buffering capacity to overcome 

perpetual low pH values. 

Physical effective NDF is strongly associated with milk fat yield and ruminal pH, as 

was demonstrated by Zebeli et al. (2008). An increase in milk fat content was expected for 

cows fed the LP and HP treatments due to the high NDF levels of these concentrates, 188 and 

295 g/kg DM, respectively. 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 physical effective NDF (peNDF) content (Bradford and Mullins, 2012). Results, 

therefore suggest that the similarity obtained in milk fat content between cows receiving the 

C and HP treatments, are due to a lack of peNDF content in the PKE included in the 

concentrates and due to the similar relatively high ruminal pH values for the three treatments. 

The pH values differed substantially at the specified time intervals between the two pH 

measuring systems (indwelling and manual). 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. 

4.3.2 Ruminal volatile fatty acid profile 

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 and Neil, 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 from cows on both 

treatments is very similar to the mean total VFA concentration of 120.9 mmol/L (range: 90.3 



 

to 151.4 mmol/L) compiled by Bargo et al. (2003) from grazing studies. Khalili and Sairanen 

(2000) reported no change in the three main VFA’s which is in agreement with the results of 

the current study. Milk yield is positively correlated with rumen concentrations of butyric 

acid followed by propionic acid (Seymour et al., 2005). Accordingly, the milk yield results of 

the current study coincide with the butyric and propionic acid results. Abdullah and 

Hutagalung (1988) reported elevated iso-acids when Draughtmaster cattle were fed with a 

PKC-based diet ad libitum for 185 d. This could be advantageous to the cows as Gorosito et 

al. (1985) reported that valeric acid and iso-acids improved cellulose digestion in an in vitro 

study. Unfortunately, no iso-acid or valeric acid differences where observed between cows on 

the C and HP treatments which could be attributable to the restricted PKE intake. The A:P 

ratio found in the ruminal VFA profile plays an important role in establishing the milk fat 

value as supported by Seymour et al. (2005) who found a positive correlation between A:P 

ratio and milk fat. On the contrary, milk fat content did not increase for cows on the HP 

treatment irrespective of an increased A:P ratio. This could be due to a deficiency in peNDF. 

However, the A:P ratio of all cows on treatments were higher than the value of 2:1 that was 

suggested as a threshold for milk fat depression (Erdman, 1988).   

4.3.3 Ruminal ammonia nitrogen profile 

Satter and Slyter (1974) reported that the minimum ruminal NH3-N concentration for 

maximum microbial protein synthesis is 5 mg/dL. The values observed in the current study 

were well above this range and suggest that none of the cows receiving the treatment 

concentrates were deficient in protein. This also indicates that microbial growth was not 

restricted and thus no reductions in ruminal fibre degradation are expected. The mean ruminal 

NH3-N concentration obtained from cows on both treatments is similar to the mean ruminal 

NH3-N concentration of 18.3 mg/dL (range: 8.7 to 32.2 mg/dL) compiled by Bargo et al. 

(2003) from grazing studies. 



 

4.3.4 Ruminal pasture degradation 

The high DMd and NDFd coefficients were expected, due to the high quality of the 

pasture in the current study. Beauchemin (1991) found that an increase in fibre concentration 

of the diet resulted in an increase in microbial digestion of forage in sacco. 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. This could be attributed to the fact 

that there were no differences in mean ruminal pH between cows on the C and HP treatments. 

This is supported by Beauchemin (1991) who reported that the enhancement of forage 

digestion may be related to increased ruminal pH which in return promotes cellulolytic 

micro-organisms to thrive. Results suggest that the higher NDF level of the HP concentrate 

did not affect the cellulolytic micro-organism activity in the rumen possibly due to a lack in 

peNDF. 

5. Conclusions 

Inclusion of PKE up to 400 g/kg in the concentrate of grazing dairy cows did not affect 

milk production, milk fat content, milk protein content or BW and BCS change. Rumen 

fermentation pattern was not affected by treatment apart from an increased A:P ratio when 

comparing the C diet to the HP diet. A more practical recommendation might be to include 

PKE up to 200 g/kg in dairy concentrates due to potential palatability problems and increased 

feeding time in the milking parlour. 
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