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1. EXECUTIVE SUMMARY 

 
Two experiments were conducted to determine the apparent 

digestibility and metabolisable energy (ME) content of maize gluten 

feed (MG) and New C Traffordgold (TG) and the in situ degradability 

co-efficients of C Traffordgold. Eight wether lambs weighing 38 kg (+/- 

3.0) were fed one of two diets: MG or TG at 1.1 *  maintenance in one 

of two periods in a change-over design. Diet MG had approximately 

twice the DM content of TG, but the OM and crude protein content 

were similar and the gross energy was 0.7 MJ/kg DM higher in TG (Table 

1).  

 
Table 1. Apparent in vivo digestibility1, digestible energy and calculated 
metabolisable energy of a dried maize gluten (MG) and wet feed (TG) 

 MG TG 

Chemical composition 
    Dry matter (g/kg) 
    Organic matter (g/kg DM) 
    Crude protein (g/kg DM) 
    Gross energy (MJ/kg DM) 

 
883 
935 
235 
19.3 

 
430 
934 
232 
20.0 

   
Digestibility co-efficients 
   Dry matter digestibility (kg/kg) 

 
0.719 (0.0086) 

 
0.783 (0.0210) 

   Organic matter digestibility (kg/kg) 0.741 (0.0090) 0.802 (0.0181) 
   Nitrogen digestibility (g/g) 0.772 (0.0158) 0.865 (0.0136) 
   Gross energy digestibility (MJ/MJ) 0.768 (0.0083) 0.826 (0.0150) 
   
Energy values 
   DE (MJ/kg DM) 
   ME (MJ/kg DM) 

 
14.9 (0.16) 
12.0 (0.13) 

 
16.6 (0.30) 
13.4 (0.24) 

1Mean (standard error) 
2DOMD = digestible organic matter in the dry matter, DM = dry matter, OM = 
organic matter, GE= gross energy, DE = digestible energy, ME = metabolisable 
energy 

 
The digestibility of DM, OM and N were higher in TG than MG. The gross 

energy digestibility was 0.06 units higher for TG than MG. This resulted in 

a predicted ME for TG of 13.4 MJ/kg DM and MG of 12.0 MJ/kg DM.  
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The degradability co-efficients of TG were determined in four rumen 

cannulated sheep fed a grass silage based diet. There was a large 

soluble fraction (a) of the DM and N (0.69 and 0.84 g/g respectively). 

Similarly, there was a large water soluble fraction (s). The rate of 

degradation (c) of the potentially degradable N fraction (b) was high 

at 0.13/h. 

2.1 BACKGROUND AND OBJECTIVES 
 
Moist product feeds represent a nutritionally valuable and economic 

alternative feed for sheep, beef and dairy systems. For their efficient 

incorporation into ruminant diets an accurate assessment is required of 

the metabolisable energy content and degradation characteristics 

within the rumen. 

 

The objectives of the current experiments were to determine the 

digestibility, metabolisable energy and in situ degradability 

characteristics of C Traffordgold for ruminants using maize gluten  

feed as a relative comparison. 

 
3. MATERIALS AND METHOD 

 
3.1. Feeds 
 
A sample of approximately 500 kg of dried maize gluten (MG) in a tote 

bag and 500 kg of a C Traffordgold (TG) supplied in a wooden box 

container lined with a plastic sheet was supplied by KW from SAC, 

where the dairy feeding study was been undertaken, to Harper Adams 

University College. The feeds were stored in a secure feed store and 

weighed out daily.  

 

3.2. In vivo digestibility and metabolisable energy value 

Eight wether lambs that were approximately 9 months old and 

weighed 38 kg (+/- 3.0) were used. The animals were housed in 

individual, wire meshed floor pens (1.5 m x 2 m) in the Ruminant 
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Metabolism Room at Harper Adams University College, and had 

continual access to water. The feeds were offered as the sole 

component of the diet at approximately 1.1 x maintenance energy 

requirements and were offered in two equal meals at approximately 

0900 and 1600 h, with minerals added at the rate of 10 g/animal per 

day. Each feed was offered to four lambs in each of two periods of 20 

days duration in a change-over design. The initial 10 days was used as 

an adaptive period to the diets and a total collection of faeces was 

undertaken during the final 10 days of each period. Faeces were 

collected by the use of harnesses strapped to each lamb; the bags 

were emptied once daily at approximately 0830h, the faeces were 

mixed and a sub-sample (0.10) stored at -20° prior to subsequent 

analysis. During the collection period feed samples were taken daily 

and frozen at -20° prior to being bulked for subsequent analysis. The 

lambs were observed to adapt to the diets within approximately 2-3 

days of being offered, and there were no feed refusals after this point, 

with the allocated amount being consumed within 1 h of being 

offered. 

 

3.3. In situ degradability 

Four wether sheep weighing ca. 90 kg and fitted with permanent 

ruminal cannulae were housed individually on slatted floored pens 

under continuous lighting and with free access to water and a mineral 

lick.  The sheep were fed a basal diet containing grass silage which was 

offered twice daily at approximately 0900 and 1600 h with refusals 

collected twice weekly prior to feeding.  

 

The wet feed was weighed fresh into synthetic fibre bags of pore size 42 

μm to provide approximately 5 g DM per bag, and inserted into the 

rumen of the sheep 30 min after feeding and retrieved after periods of 

incubation of 4, 8, 12, 16, 24 and 48 h. After retrieval from the rumen the 
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bags were washed through the cold rinse cycle of a domestic washing 

machine and dried at 70°C in an oven until constant weight.  In 

addition, synthetic bags containing the feed were rinsed to estimate 

the rapidly soluble component.  

 

The degradability data obtained for the dry matter and nitrogen for 

the feed were fitted to the first-order model of Ørskov and McDonald 

(1979): 

p = a +b(1 - e-ct)     (equation 1) 

 

Where p is the quantity degraded at time t; 'a' is the rapidly soluble 

fraction; b is the potentially degradable fraction; c is the constant rate 

of degradation of b; t is time (h).  

 

The effective degradability was calculated as: 

 

P = a + (b*c)/(c+k)    (equation 2) 

 

Where P = the quantity effectively degraded, a, b and c are as above 

and k = the fractional outflow rate from the rumen which was assumed 

to be 0.02, 0.05 or 0.08/h. 

 

The solubility (s) for the DM and N for each feed were determined as 

indicated by Thomas (2004) and described by Hvelplund and Weisberg 

(2000). A sub-sample of the wet feed (equivalent to approximately 0.5g 

DM) was weighed into a beaker, 40 ml water added and the sample 

soaked for 1 h at room temperature (20°C), stirring every 15 min. The 

material was then transferred to N-free filter paper and washed four 

times with 40 ml of water and dried at 100°C. The residual N was 

determined and the water soluble DM and N (s) calculated as the 
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difference between the original amount of DM and N added and the 

DM and N in the residue. 

 

3.4. Chemical analysis: 

 

Within each 10-day collection period, daily feed samples were bulked 

and the DM content of MG determined by oven drying at 100°C and 

TG by freeze drying (Edwards 4K Modulyo freeze dryer). Representative 

samples were then analysed for total ash and nitrogen (Kjeldahl N) 

according to MAFF (1986). Crude protein content was calculated as N 

x 6.25. Gross energy content was determined using an adiabatic bomb 

calorimeter (1261 Isoperibol Bomb Calorimeter, Parr Instrument 

Company, USA). Within each 10-day collection period, the faeces 

samples were bulked within each animal, freeze dried and analysed for 

ash, N and GE. Residues from the in situ degradability were analysed 

for N by the Dumas method (Watson and Galliher, 2001) using a LECO  

FP-528 analyser (Leco Corp, St Joseph, MI, USA). A representative 

sample of the feed samples during each period was also analysed for 

chemical composition by NRM laboratories, Berkshire. 

 

3.5. Statistical analysis 

Data are presented as the mean or mean with standard error. 

 

4. RESULTS 

 

4.1 Feed analysis 

The chemical analysis of the two feeds is presented in Table 1. The DM 

content of the C Traffordgold was approximately half that of the dried 

maize gluten, but the ash, organic matter and crude protein content 

were similar (mean values of 65.8, 935 and 234 g/kg DM). By contrast, 

the gross energy of C Traffordgold was 0.7 MJ/kg DM higher than 
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maize gluten feed, although both values were high. The oil and starch 

content was higher in C Traffordgold and the fibre content lower than 

in the dried maize gluten. The pH of the C Traffordgold was pH 4.11 

and the ethanol content 32.5 g/kg DM. 

 

Table 1. Chemical composition of a dried maize gluten (MG) and 
C Traffordgold (TG) 
 MG TG 

Dry matter (g/kg)a 883 430 

Ash (g/kg DM)a 65.5 66.1 

Organic matter (g/kg 

DM)a 

935 934 

Crude protein (g/kg DM)a 236 232 

Gross energy (MJ/kg DM)a 19.3 20.0 

NDF (g/kg DM)b 329 251 

ADF (g/kg DM)b 93 100 

Starch (g/kg DM)b 166 204 

Oil-B (g/kg DM)b 47.3 82.5 

pH (g/kg DM)b n.d. 4.11 

Ethanol g/kg DM)b n.d. 32.5 

Volatile fatty acids (g/kg 
DM)b  
    Acetic 
    Propionic 
    Iso-butyric 
    n-butyric 

 
n.d. 
n.d. 
n.d. 
n.d. 

 
2.5 

<1.0 
<1.0 
<0.1 

a Conducted at Harper Adams University College 
b Conducted at NRM laboratories 
c n.d. = not determined 
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4.2. In vivo digestibility and metabolisable energy value 

Dry matter intake was similar for animals when fed either treatment, but 

DM output was higher in lambs when fed maize gluten feed, resulting in 

a lower digestibility co-efficient (Table 2). A similar effect was observed 

for the OM digestibility co-efficient, which was 0.06 kg/kg higher in 

C Traffordgold compared to the maize gluten feed. Digestible 

organic matter in the dry matter (DOMD) was also higher in 

C Traffordgold at 749 g/kg DM compared with 693 g/kg DM in maize 

gluten feed. The whole tract apparent digestibility of the crude protein 

in C Traffordgold was high (0.86 kg/kg), substantially higher than the 

maize gluten feed (0.77 kg/kg). Gross energy intake was similar for 

animals on either treatment, but output was higher in lambs when fed 

the maize gluten feed, resulting in a lower digestibility (MJ/MJ) 

compared with C Traffordgold. This, along with the higher GE content 

of C Traffordgold , resulted in the digestible energy content of 

C Traffordgold being 1.7 MJ/kg DM higher than the dry maize gluten. 

The metabolisable energy content of C Traffordgold was high at 13.4 

MJ/kg DM compared with 12.0 MJ/kg DM for the maize gluten feed.  

 

4.3. In situ degradability co-efficients of the wet feed 

The C Traffordgold contained a high soluble (a) fraction for both DM 

and N (0.69 and 0.84 respectively; Table 3 and Figs 1 and 2). The water 

soluble fraction (s) for DM and N were also high at 0.44 and 0.62 

respectively. By contrast, the potentially degradable fraction of both 

the DM and N were low at 0.16 and 0.10 respectively, with a potentially 

extent of degradation (a + b; kg/kg) of 0.85 for the DM and 0.94 for the 

N. The predicted degradability of the DM and N assuming three 

outflow rates is presented in Table 4. The predicted DM degraded 

decreased marginally with increasing outflow rate, but predicted N 

degraded was little affected by outflow rate, with approximately 0.90-

0.92 being released into the rumen. 
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Table 2. Apparent in vivo digestibility1, digestible energy and calculated 
metabolisable energy of a dried maize gluten (MG) and C Traffordgold (TG) 

 MG TG 

Dry matter intake (kg/d) 
Dry matter output (kg/d) 
Dry matter digestibility (kg/kg) 

0.602 
0.169 

0.719 (0.0086) 

0.598 
0.129 

0.783 (0.0210) 
Organic matter intake (kg/d) 
Organic matter output (kg/d) 
Organic matter digestibility (kg/kg) 

0.563 
0.146 

0.741 (0.0090) 

0.558 
0.110 

0.802 (0.0181) 
Nitrogen intake (g/d) 
Nitrogen output (g/d) 
Nitrogen digestibility (g/g) 

22.72 
5.19 

0.772 (0.0158) 

22.22 
2.97 

0.865 (0.0136) 
Gross energy intake (MJ/d) 
Gross energy output (MJ/d) 
Gross energy digestibility (MJ/MJ) 

11.65 
2.70 

0.768 (0.0083) 

11.99 
2.08 

0.826 (0.0150) 
2DOMD (g/kg DM) 693 (8.4) 749 (16.9) 
   
Energy values 
DE (MJ/kg DM) 
ME (MJ/kg DM) 

 
14.9 (0.16) 
12.0 (0.13) 

 
16.6 (0.30) 
13.4 (0.24) 

1Mean (standard error) 
2DOMD = digestible organic matter in the dry matter, DM = dry matter, OM = 
organic matter, GE= gross energy, DE = digestible energy, ME = metabolisable 
energy 

 

 

Table 3. In situ degradability co-efficients for C Traffordgold 
 a b c a + b s 

DM 0.689 0.162 0.074 0.851 0.443 

N 0.841 0.096 0.126 0.937 0.623 

a = rapidly soluble faction, b = potentially degradable faction, c = rate 

of degradation of b and s = soluble faction. 

 

Table 4. Predicted degradability of DM and N for C Traffordgold a 

Rumen outflow rate (/h) DM N 

0.02 0.817 0.924 

0.05 0.786 0.910 

0.08 0.767 0.900 
a Calculated as described in equation 2. 
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Figure 1. In situ DM disappearance (g/g) of  C Traffordgold for 
ruminants (not corrected for small particle loss). 
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Figure 2. In situ N disappearance (g/g) of a wet feed for ruminants (not 

corrected for small particle loss). 
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5. CONCLUSIONS 

C Traffordgold had a high metabolisable energy content at 13.4 

MJ/kg DM compared with the dry, maize gluten feed which had a 

value of 12.0 MJ/kg DM. C Traffordgold had a crude protein content 

of 232g/kg DM, with a high soluble N fraction and a rapid rate of 

degradation of the potentially degradable fraction. 
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