
Chapter 6
Digestibility of oaten chaff in sheep supplemented with whole

cottonseed and calcium hydroxide.

6.1.	 Introduction

Whole cottonseed (WCS) contains approximately 200mg of oil or 178mg of

LCFA's/g dry matter and 200mg crude proteinlg dry matter (Bird and Dicko 1987). It

therefore provides both protein and energy when used as a dietary supplement.

Supplementation of sheep fed wheat straw with cottonseed oil or WCS to provide greater

than 3% of total dry matter intake as oil has been observed to reduce the rate of digestion

of plant fibre in the rumen and the animal's feed intake and productivity (Bird and Dicko

1987).

An in vitro digestibility study (see chapter 5) indicated that a reduction in the

rate of digestion of dry matter by mixed rumen microorganisms in response to LCFA

arising from the CSO could be reversed over 24 hours of incubation by the inclusion of

Ca(OH)2 . There was however evidence of a negative effect of CSO with Ca(OH) 2 on dry

matter digestibility over 12 hours of incubation. This suggested that the rate of formation

of associations between LCFA and calcium ion was slower than the rate of hydrolysis of

the CSO and liberation of non esterified LCFA. The kinetics of supplemental calcium and

LCFA observed in vitro may also be different in vivo given that the rates at which calcium

ion and LCFA enter or leave the rumen probably vary.

Ca(OH) 2 is soluble in rumen fluid and calcium ion leaves the rumen via fluid

flow to the lower tract and probably as a result of net absorption across the rumen wall

(Beardsworth et. al 1989a and b). The LCFA's released from cottonseed oil are soluble in

rumen fluid but are predominantly adsorbed onto the surfaces of feed particles and

microorganisms (Harfoot et al. 1974). LCFA will therefore follow different kinetic

processes to calcium ion, leaving the rumen at a slower rate. In order to provide sufficient

calcium ion to precipitate all the LCFA and increase the rate of formation of associations

between calcium and LCFA it is probably important to have an excess of Ca(OH) 2 in feed.

A level of 2% inclusion, about 3 times that required to stoichiometricaly combine with all

the supplemental LCFA, was chosen here.

The following studies were therefore conducted to test two hypotheses. Firstly,

that supplementation of sheep fed an oaten chaff based diet with WCS to provide in excess

of 3% oil in their diet will depress rumen function. Secondly, that inclusion of rumen

soluble calcium in excess of that required to convert dietary LCFA to calcium soaps will
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maintain the capacity of the rumen to digest fibre and prevent a reduction in the animal's

feed intake in response to supplemental LCFA.

	

6.2.	 Materials and methods

	

6.2.1.	 Experimental design and statistical analysis

A 2 by 3 factorial design, 3 animals/treatment, contrasting level of inclusion of

Ca(OH)2 (0 or 2% of dry matter intake) with level of inclusion of WCS (0, 15 or 30% of

dry matter intake) with a second period where Ca(OH) 2 treatment was reversed (crossover)

within the cottonseed treatments.

Model statement

Y = constant + cottonseed + calcium + cottonseed x calcium + period + cottonseed x
period + animal { cottonseed} + error.

Treatments were compared using analysis of variance and the modified

Fischer's LSD based on the model outlined above (Systat 5.0). Non linear regression

(Systat 5.0) was used to fit the model

Y = a + b (1 – e c.t)

to data describing the cumulative degradation of crude protein of WCS and CSM (Orskov
and McDonald 1979). The data pertaining to the period and period by cottonseed
interaction was not relevant to the hypotheses under consideration and have not been
reported.

The metabolisable energy content (M/D MJ/kg) of the basal diet was estimated

by applying the equation M/D MJ/kg = 0.16 OMD% - 1.8 where OMD% was the observed

percentage of organic matter digested over the whole tract of animals fed the basal diet

(SCA 1990).

	

6.2.2.	 Animals and feeds

Twelve first cross (Border Leicester sires x Merino dams) wethers fitted with

Jarrett type rumen cannula, 18 months old and weighing 32kg + 3kg with a potential

mature weight of 66kg (SCA 1990) were held in metabolism cages. Animals were

stratified according to liveweight and allocated at random to different treatments so as to

distribute liveweight evenly. Diets were formulated as outlined in section 4.2. The

maximum amount of dry matter on offer for any treatment was restricted to the average dry

matter intake (DMI) of animals receiving the control diet in the week prior to the

experimental period. When animals consumed less dry matter than that of the control, the

amount dry matter on offer was calculated as the previous days DMI x 1.1. The mixed diet

was dispensed to the animal in equal portions hourly from an automated feeder (section
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4.3.1). The adaptation period following a change in diet was 4 weeks. Rumen fluid

(100m1) was collected from each animal at the end of the first experimental period, mixed

together and then returned to the rumen of each animal to promote a common rumen

microbial species mix at the start of the second period.

6.2.3.	 Sampling and analysis

Sampling and analysis of feed materials for dry matter, organic matter N and

mineral content was performed as outlined in sections 4.3.1 to 4.3.6. Rumen fluid was

sampled 30 minutes after a feed portion was dispensed and stored and analysed as outlined

in section 4.3.3. The loss of crude protein from milled (coffee grinder with high speed

rotating blades) WCS and CSM was determined using the in sacco technique of Orskov

and McDonald (1979) and as outlined in section 4.3.8. Animals used for in sacco studies

were fed the basal diet supplemented with WCS at 15% of dry matter intake.

6.3.	 Results

6.3.1.	 Analysis of treatment diets, whole cottonseed and cottonseed meal

Table 6.1. Analysis of the treatment diets (dry matter basis).

Calcium Hydroxide

0%	 2%

Whole Cottonseed

0%	 15%	 30%

Whole Cottonseed

0%	 15%	 30%

Dry matter (mg/g) 892 897 900 895 900 903

Organic matter (mg/g) 920 922 925 908 909 913

Crude protein (mg/g) 113 146 180 111 143 176

LCFA (mg/g) 19 49 85 19 49 84

Calcium (mg/g) 10.1 9.6 9.0 17.8 1 7.3 16.5

Phosphorus (mg/g) 5.1 5.8 6.5 4.8 5.5 6.2

Ca:P (g/g) 2.0 1.7 1.4 3.7 3.1 2.7

The results of analyses of treatment diets and WCS and CSM are outlined in tables 6.1 and

6.2 respectively. The inclusion of Ca(OH) 2 in the diet did not affect feed dry matter

content but reduced organic matter content of diets by 1.3%. The inclusion of WCS at 15

or 30% of dry matter intake increased the crude protein content of the diet by 0.29 from
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113 to 146mg/g and 0.59 to 180mg/g respectively and the LCFA content of the diet by

1.53 from 19 to 49mg/g and by 3.36 to 85mg/g respectively.

Inclusion of Ca(OH)2 increased the calcium content of the diet by 0.8.

Inclusion of WCS at 15 or 30% of dry matter intake increased the phosphorus content of

diets by 0.14 and 0.28 respectively. The calcium to phosphorus ratio (Ca:P) for the basal

diet (0% WCS + 0% Ca(OH) 2) diet was 2:1 (Table 6.1). The Ca:P ratio ranged from 3.7:1

at 2% inclusion of Ca(OH), and 0% inclusion of WCS to 1.4:1 at 30% inclusion of WCS

and 0% inclusion of Ca(OH)2.

The crude protein content of CSM was 0.9 higher and LCFA content 0.9 lower

than present in WCS (Table 6.2). WCS and CSM had Ca:P ratios of 1:3.1 and 1:4.8

respectively.

Table 6.2. Analysis of whole cottonseed and cottonseed meal (dry matter basis).

Dry Matter Organic Matter Crude Protein LCFA. 	 Ca	 P	 S

(mg/g)	 (mg/g)	 (mg/g)	 (mg/g) (mg/g) (mg/g) (mg/g)

'Whole Cottonseed 930 956 215 198 2.3 7 2.7

Cottonseed Meal 916 929 415 18 3.1 14 5.2

I. Whole cottonseed was acid delintered.

6.3.2.	 Rumen fluid parameters

The concentration of the total VFA in rumen fluid increased from 76.0 to 86.1mM (p <

0.01) on inclusion of Ca(OH)2, averaged for inclusion of WCS (Table 6.3). Inclusion of

WCS at 15 or 30% of diet dry matter reduced the concentration of the total VFA from 86.0

to 80.1 to (p < 0.05) and 76.4mM (p < 0.01) respectively, when averaged for inclusion of

Ca(OH)2.

The molar ratio of acetogenic VFA (acetate + 2xbutyrate) to propionate (A:P)

in rumen fluid increased from 4.3:1 to 4.9:1 (p < 0.05) on inclusion of Ca(OH) 2 averaged

for inclusion of WCS (Table 6.3). Inclusion of WCS at 30% but not 15% of diet dry

matter, without Ca(OH) 2 reduced this measure by 0.11 (p < 0.01). The interaction between

WCS and Ca(OH), supplements for this measure approached significance (p = 0.06) and is

represented diagrammatically in Figure 6.1.

The concentration of ammonia in rumen fluid for the control was 207mg NH4+-

N/1 (Table 6.3). Supplementation with WCS at 15 or 30% of dry matter intake increased

rumen fluid ammonia concentration from 170 to 220mg/l (p < 0.05) and 255mg/1 (p < 0.01)

respectively, when averaged for level of inclusion of Ca(OH) 2. Supplementation of

animals with Ca(OH) 2 decreased rumen fluid ammonia from 242 to 188mg/1 (p < 0.05),
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when averaged for level of inclusion of WCS. Supplementation with WCS at 15 or 30% of

dry matter intake in the presence of Ca(OH) 2 however, maintained rumen fluid ammonia

concentration at the level of the unsupplemented animal. Rumen fluid ammonia

concentration in response to treatments is represented diagrammatically in Figure 6.2.

The number of entodiniomorph protozoa in rumen fluid was reduced from 4.56

x 105/ml to 2.55 x 10 5/ml on supplementation with WCS at 30% and Ca(OH) 2 at 2% of

intake (p < 0.01) and to 0.44 x 105/ml on supplementation with WCS at 30% of intake

without supplemental Ca(OH) 2 (p < 0.01). The difference between these two treatments

was also significantly different (p < 0.01).

Supplementation with WCS at 30% of dry matter intake without supplemental

Ca(OH), reduced the concentration of free ionised calcium (Ce.12H 2 O) in rumen fluid by

0.87 (p < 0.05) (Table 6.3 and Figure 6.2). Supplementation with both WCS and Ca(OH),

maintained the rumen fluid free ionised calcium concentration at a level similar to animals

fed the unsupplemented diet. Rumen fluid pH was not significantly altered by

supplementation of animals with Ca(OH), or WCS (Table 6.3).

6
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Figure 6.1. The ratio acetogenic volatile fatty acids to propionate, i..e (acetate +
2xbutyrate):propionate, in rumen fluid of sheep fed one of three levels of whole
cottonseed (0, 15 or 30%) at one of two levels of inclusion of Ca(OH) 2 (0 or 2%) in
the diet. Solid symbols represent 0% Ca(OH)2 and open symbols represent 2.2%
Ca(OH)2 in diet. Bars are the pooled standard error of a least squares mean.
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Figure 6.2 Ammonia concentration in rumen fluid of sheep fed one of three levels of whole
cottonseed (0, 15 or 30% of dry matter intake) at two levels of inclusion of Ca(OH)2
(0 or 2%) in the diet. Solid symbols represent 0% Ca(OH) 2 and open symbols
represent 2.2% Ca(OH)2 in diet. Bars are the pooled standard error of a least squares
mean.
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Figure 6.3. Rumen fluid ionised calcium (Ca2+ .12H20) concentration (Ca2+ .12H20) in response
to inclusion of whole cottonseed at 0 or 30% of intake and Ca(OH)2 at 0 or 2%. Bars
are the pooled standard error of a least squares mean.
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Table 6.3. Rumen fluid parameters of sheep fed an oaten chaff dietary ration supplemented with whole cottonseed and/or Ca(OH)2.

0%

Calcium Hydroxide

2.0%

Whole Cottonseed Whole Cottonseed

0%	 15% 30% 0% 15% 30% s.e.m.

Total 2VFA (mM) 80	 77 71 92 85 82 (2)

2
A:P (mol:mol) 4.5	 4.3 3.8 5.1 4.9 4.7 (0.1)

NH4+-N (mg/1) 207	 241 277 134 198 233 (5)

Protozoa (No. x 10 5/ml) 4.56	 4.75 0.44 4.17 4.55 2.55 (0.14)

Ca
2,

.12H2 0 (mM) 0.6	
3

ND 0.1 0.8 ND 0.5 (0.16)

pH 6.21	 6.28 6.12 6.36 6.15 6.10 (0.13)

Rumen fluid volume (1) 4.9	 4.7 5.3 4.6 5.1 4.8 (0.2)

Statistical significance of effect (P)

Effect Total VFA	 A:P NH4+-N Protozoa Ca pH Volume

Calcium <0.01	 <0.01 <0.01 <0.01 <0.01
4
NS NS

Whole Cottonseed <0.01	 <0.01 <0.01 <0.01 NS NS NS

Ca x Whole Cottonseed NS	 0.06 <0.05 <0.01 <0.05 NS NS

1. n = 4.
2. VFA refers to volatile fatty acid, A:P refers to (acetate + 2xbutyrate):propionate and s.e.m. refers to pooled standard error of a least squares mean.
3. ND to not determined.
4. NS to not statistically significant at the 5% level of probability.
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6.3.3	 Feed intake and digestibility

The intake and digestibility of feed components are presented in Table 6.4.

Dry and organic matter intake increased from 836 to 976 g/d (p < 0.01) and 771 to 943 g/d

respectively on inclusion of Ca(OH) 2 in the diet, averaged for inclusion of WCS.

Supplementation with WCS at 15% of intake did not affect dry matter intake while

supplementation with WCS at 30% decreased total dry matter intake from 952 g/d to 672

g/d (p = 0.06). Organic matter intake in response to supplementation with WCS with or

without Ca(OH), is represented diagrammatically in Figure 6.4.
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Figure 6.4. Organic matter intake of sheep in response to one of three levels of inclusion of whole
cottonseed (0, 15 or 30%) in the diet and one of two levels of inclusion of Ca(OH)2 (0
or 2%). Solid symbols represent 0% Ca(OH)2 in diet and open symbols represent
2.2% Ca(OH)2 in diet. Bars are the pooled standard error of a least squares mean.

Intake of crude protein was not affected by inclusion of Ca(OH) 2 or WCS at 15

or 30% of dry matter intake without supplemental Ca(OH), (Table 6.4). Supplementation

with both Ca(OH), and WCS at 15% or 30% of dry matter intake increased crude protein

intake from 108 to 139g/d (p < 0.05) and to 170g/d (p < 0.01) respectively.

The intake of LCFA's on inclusion of WCS at 15% of dry matter intake

increased from 18.5 to 43.4g/d and 47.5g/d (p < 0.01) at 0% and 2% inclusion of Ca(OH)2

respectively (Table 6.4). Supplementation of animals with WCS at 30% of dry matter

intake however increased LCFA's intake to 56.8g/d (p < 0.01) with out Ca(OH), and

81.2g/d (p < 0.01) with Ca(OH)2.

Whole tract organic matter digestibility increased from 565 to 595mg/g and in

sacco digestibility of oaten chaff from 558 to 582mg/g (p < 0.01) on inclusion of Ca(OH),

in the diet when averaged for inclusion of WCS. Supplementation of animals with WCS at
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15% of intake did not affect the in sacco digestibility of oaten chaff or whole tract organic

matter digestibility. Using the observed value of 56.8% for organic matter digestibility of

the basal diet over the whole tract (Table 6.4), the metabolisable energy content of the

basal diet was estimated to be 7.29MJ/kg (SCA 1990). The metabolisable energy content

of whole cottonseed is reported to be 14.5MJ/kg for beef cattle (NRC 1984) so that the

metabolisable energy content of the basal diet may have been 9.46MJ/kg. Supplementation

with WCS at 30% without Ca(OH) 2 reduced the in sacco dry matter loss of oaten chaff

from 579 to 526mg/g (p < 0.05) but had no affect on whole tract organic matter

digestibility. Inclusion of Ca(OH) 2 with WCS (15 or 30% inclusion) resulted in sacco dry

matter loss of oaten chaff digestibility similar to the control values. The relationship

between whole tract organic matter digestibility and treatment is represented

diagrammatically in Figure 6.5. The reduction in organic matter intake in response to

feeding whole cottonseed at 30% of dry matter intake appeared to be primarily driven by a

reduction in the digestibility of the diet in the rumen (Figure 6.6).

Crude protein digestibility over the whole tract increased by 0.06 (p < 0.01)

and 0.10 (p < 0.01) on supplementation of animals with WCS at 15% and 30% of intake

respectively. Supplementation with Ca(OH), did not affect the digestibility of crude

protein over the whole tract.

Calcium intake increased from 8.0 to 16.8g/d (p < 0.01) on supplementation

with Ca(OH),, averaged for inclusion of WCS (Table 6.4). Supplementation with WCS at

15% or 30% of dry matter intake caused calcium intake of those animals to decrease by 1.1

(p < 0.05) and 3.6g/d (p < 0.01) respectively. The apparent digestibility of calcium over

the whole tract was related both to the animal's intake of LCFA's and to the level of

inclusion of Ca(OH) 2 in the diet (Table 6.4 and Figure 6.4). Calcium digestibility over the

whole tract was reduced from 265mg/g to 200mg/g (p < 0.01) on supplementation of

animals with Ca(OH)2 , averaged for inclusion of WCS (Figure 6.4). Inclusion of WCS at

15% or 30% without supplemental Ca(OH), reduced whole tract calcium digestibility by

0.21 (p < 0.01) and 0.27 (p < 0.01) respectively. The level of inclusion of WCS at 2%

inclusion of Ca(OH) 2 had no affect on the digestibility of calcium over the whole tract.

The in sacco degradability of WCS crude protein was compared with that of

CSM following fitting of cumulative degradation (crude protein loss) data to the

mathematical model suggested by Orskov and McDonald (1979) (Figure 6.8). WCS,

compared to CSM, had both a higher 'rapidly soluble' protein content (parameter 'a') (195

vs 130mg soluble protein/g total crude protein) and total rumen degradable protein content

(parameters 'a + b') (683 vs 525mg/g). Their respective rates of degradation of protein

(parameter 'c') were the same. The parameters a, b and c with their respective standard

errors are presented in Table 6.5.
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Figure 6.5. Organic matter digestibility over the whole tract in sheep in response to one of three
levels of inclusion of whole cottonseed (0, 15 or 30%) and one of two levels of
inclusion of Ca(OH)2 (0 or 2%) in the diet. Solid symbols represent 0% Ca(OH)2 in
diet and open symbols represent 2.2% Ca(OH)2 in diet. Bars are the pooled standard
error of a least squares mean.
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Figure 6.6. Organic matter intakes of sheep in relation to rumen in sacco dry matter loss (24 hour)
of oaten chaff. Sheep were fed whole cottonseed at 0, 15 or 30% of dry matter intake
and Ca(OH)2 at 0 or 2% of intake. Solid symbols represent 0% Ca(OH)2 and open
symbols represent 2.2% Ca(OH)2. Bars are the pooled standard error of a least
squares mean.
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Table 6.4. The intake and rumen and whole tract digestibility of feed components.

Calcium Hydroxide

0%	 2.0%

0%

Whole Cottonseed

15%	 30% 0%

Whole Cottonseed

15%	 30% s.e.m.

Intake

Dry matter (g/d) 952 885 672 987 974 967 (50)

Organic matter (g/d) 876 816 621 888 880 877 (46)

Crude protein (g/d) 108 129 121 109 139 170 (7)

LCFA (g/d) 18.5 43.4 56.8 18.7 47.5 81.2 (2.3)

Calcium (g/d) 9.6 8.5 6.0 17.6 16.8 16.0 (0.5)

Whole Tract Digestibility

Organic matter (g/kg) 568 580 546 583 597 606 (4)

Crude protein (g/kg) 695 748 774 703 735 763 (5)

3 1n sacco Dry Matter Loss

Oaten Chaff (mg/g) 579 569 526 575 582 589 (8)

Statistical significance of the treatment effect (P).

3Effect	 DMI. OMI CPI CaI LCFAI OMD. CPD In sacco

Ca	 <0.01 <0.05 <0.01 <0.01 <0.01 <0.01 NS <0.01

WCS	 0.06 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 NS

Ca x WCS	 0.09 0.09 < 0.05 NS <0.01 NS NS <0.05

I. n = 4.
2. Figures in brackets are the pooled standard error of a least squares mean (s.e.m.).
3. NS refers to not statistically significant at the 5% level of probability, DM1 to dry matter intake, OMI to organic matter intake, CPI to crude protein intake, Cal

to calcium intake, I,CFA I to I,CFA intake, OMD to or ganic matter di gestibility, CPD to crude protein digestibility and in sacco to in sacco dry matter loss of

oaten chaff over 24 hours in the rumen.
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Figure 6.7. The apparent digestibility of dietary calcium over the whole digestive tract in sheep in
response to LCFA intake at two levels of inclusion of Ca(OH)2 (0 or 2%) in the diet.
Solid symbols represent 0% Ca(OH)2 and open symbols represent 2.2% Ca(OH)2 in
the diet. Bars are the pooled standard error of a least squares mean.

6.3.4.	 Protein degradability

Figure 6.8. The degradability of crude protein from cottonseed meal and whole cottonseed in the
rumen when measured in sacco.

The effective degradability (Edg.) of WCS was estimated using the equation

Edg. = a + b.c/(c + k)
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where a, b and c are found in Table 6.5. While k can be estimated from the equation

k = 0.0202 L + 0.0102

and L represents the level of feeding in multiples of maintenance energy intake (SCA -

Ruminants 1990). As the energy content of these diets is not known the effective

degradability of these supplements has been calculated assuming a value of k of 0.02

(Table 6.6). The effective degradability of the protein in WCS was then found to be 0.31

higher than that of CSM (619 vs 474mg/g).

Table 6.5. The parameters used to model cumulative degradation of cottonseed meal and whole
cottonseed proteins presented in Figure 6.1.

3a

Parameter

3b 3c

2Edg. (mg/g)

(k = 0.02)

Whole Cottonseed

Cottonseed Meal

1954(26)

131 (19)

488

395

(20)

(14)

0.133

0.131

(0.018)

(0.012)

619

474

1. n = 12.
2. Edg. refers to effective degradability.
3. 'a' refers to rapidly degradable crude protein content (mg/g total crude protein), 'b' to slowly degradable

protein content, 'c' to rate of degradation.
4. Figures in brackets are the standard error of a least squares mean.

	

6.4.	 Discussion

	

6.4.1.	 Feed intake and digestion

Supplementation of an animal with whole cottonseed increased its intake of

LCFA's but reduced organic matter intake in a dose dependant manner. The reduction in

feed intake resulted in animals fed whole cottonseed at 15% of intake consuming the same

amount of crude protein as animals fed whole cottonseed at 30% of intake although the

crude protein content of the diet had increased from 146 to 180g/kg. Animals fed whole

cottonseed at 30% of diet dry matter reduced their dry matter intake by 280g/d and as a

consequence their metabolisable energy intake was estimated to decrease from 6.95 to

6.19MJ/d compared to animals fed the basal diet. The animals supplemented with whole

cottonseed at 30% of intake may then have consumed less metabolisable energy and an

equivalent amount of crude protein as the unsupplemented animal. As such, there may

have been no net improvement in the animals nutrition to supplementation with whole

cottonseed at 30% of intake compared to animals fed the basal diet.

A reduction in intake on feeding WCS at 30% of intake may primarily be a

response to a reduction in the digestibility of potentially fermentable organic matter in the

rumen. The concentration of the total VFA and ratio of acetogenic volatile fatty acids to
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propionate in rumen fluid and in sacco dry matter loss of oaten chaff in the rumen was

reduced in response to feeding WCS at 30% of intake. This suggests that the rate of

fermentation of the diet and in particular the fermentative activity of the fibrolytic

microbial population in the rumen was reduced in response to feeding whole cottonseed

(Leng 1970, Wolin and Miller 1983). As rumen fluid pH was 6.12 and rumen fluid

ammonia concentration was 277mg/1, the highest value across all treatments, in animals

supplemented with whole cottonseed at 30% of intake it is unlikely that rumen fluid pH or

ammonia concentration was limiting digestion in the rumen (Kowalckyk et al. 1977,

Orskov et al. 1978, Hoover 1986). The most probable cause of a reduction in fibrolytic

activity in the rumen was therefore a toxic action of LCFA's against fibrolytic

microorganisms. As calcium ion is also required to promote the activity of fibrolytic

enzymes (Coughlin 1991) an antimicrobial action of WCS could also result from a

reduction in the availability of calcium ion and therefore cannot be ruled out (Ferlay and

Doreau 1995). The reduction in the concentration of ionised calcium in rumen fluid in

animals supplemented with WCS is likely to result from the precipitation of non esterified

LCFA to produce insoluble calcium LCFA soaps (Sukhija and Palmquist 1990) and

indicates that the amount of non esterified LCFA in the rumen is in excess of calcium ion.

It is likely that sufficient non esterified LCFA remained in the rumen to be toxic to rumen

microorganisms and this has reduced the rate of fermentation of organic matter. A

reduction in the rate of digestion of the diet in the rumen is likely to have increased rumen

fill and in doing so reduced the animal's feed intake (Kowalckyk et al. 1977, Orskov et al.

1978, Van Milgen et al. 1993).

Inclusion of Ca(OH), with WCS increased the concentration of free ionised

calcium in rumen fluid and restored the digestibility of organic matter in the rumen and

over the whole tract and organic matter intake to the same level as animals fed the basal

diet. It is likely that Ca(OH)2 provided sufficient calcium ion in the rumen to reduce the

concentration of non esterified LCFA to the point that any toxic effects of LCFA on

microorganisms and the digestion of fibre were prevented or reversed. The increase in feed

intake on inclusion of Ca(OH) 2 with WCS was therefore a response to an increase in the

rate of digestion of organic matter in the rumen which has increased the rate of clearance of

solids from the rumen and reduced a physical restriction to intake. The rate of digestion of

organic matter over the whole tract also increased on feeding whole cottonseed at 15 or

30% of intake with Ca(OH) 2 but this had no further effect on the animals organic matter

intake. Animals supplemented with both whole cottonseed and Ca(OH) 2 had therefore

increased their intake of crude protein (108 vs 170g/d) and therefore dietary true protein

(NRC 1989), LCFA (18.5 vs 81.2g/d) and metabolisable energy (6.95 vs 9.15) and may

have reached a physiological rather than a physical limitation to feed intake.
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6.4.2.	 Protein degradability in the rumen

Incremental increases in the concentration of ammonia in rumen fluid in

response to incremental increases in the level of inclusion of WCS appears to be indicative

of its content of rumen soluble crude protein (619mg/g total crude protein). The

concentration of ammonia in rumen fluid was reduced in animals supplemented with

Ca(OH)2 at each level of inclusion of WCS (Figure 6.2). Inclusion of Ca(OH) 2 in the diet

had no affect on rumen fluid pH, volume and outflow rate or the concentration of

entodiniomorph protozoa. It is unlikely therefore that the reduction in rumen fluid

ammonia concentration was the result of an increase in absorption or flow from the rumen

or a decrease in proteolysis of microbes and dietary protein by protozoa. An increase in the

total VFA concentration and an increase in the production of the acetogenic VFA (acetate

and butyrate) suggests that Ca(OH) 2 increase in the rate of fermentation of the diet and

promoted the rate of uptake of nitrogen by microorganisms (Leng 1970, Wolin and Miller

1983).

	

6.4.3.	 Whole cottonseed and the availability of calcium for absorption from the
digestive tract

As absorption of calcium from the digestive tract is subject to homeostatic

control (Braithwaite 1974, Braithwaite 1978, Care et al. 1980) it is not surprising that

calcium digestibility over the whole tract was inversely related to the level of inclusion of

Ca(OH), in a diet. Inclusion of WCS in the diet however reduced both the animal's intake

of calcium and the digestibility of calcium over the whole tract. Animals fed WCS at 30%

of intake at 0% inclusion of Ca(OH) 2 absorbed less calcium than animals fed the basal diet

(3.2 vs 1.4g/d) which suggests that calcium in the lower tract was in a form that was

unavailable for absorption, probably as calcium soaps of LCFA (Van Houtert 1991).

Animals fed whole cottonseed at 30% of intake also had a lower organic matter (672 vs

976) and probably metabolisable energy intake than animals fed the basal diet. As

physiological calcium requirement in non breeding and non lactating animals of equivalent

weight is primarily related to their rate of liveweight gain, the calcium requirement of

animals supplemented with WCS at 30% of dry matter intake was probably lower than for

animals fed the basal diet (SCA 1990). A difference in organic matter intake and therefore

rate of liveweight gain may then partially explain the difference in calcium digestibility

between diets. Animals fed whole cottonseed at 15% of intake however had a similar

organic matter intake as animals fed the basal diet (876 vs 816g/d) and given the higher

metabolisable energy and protein content of whole cottonseed probably had a higher rate of

liveweight gain and requirement for calcium. Their rate of absorption of calcium was

2.1g/d, 0.34 less than animals fed the basal diet, and suggests that their ability to absorb

calcium was reduced compared to animals fed the basal diet. Animals receiving Ca(OH),
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at 2% of intake also showed a trend (NS) for decreasing digestibility of calcium over the

whole tract as the level of inclusion of LCFA increased. The dietary content of calcium

may then need to be increased when supplementing a ruminant diet with LCFA to maintain

similar rates of absorption of calcium from the lower digestive tract.

6.5.	 Conclusion

Sheep fed whole cottonseed at 15% of dry matter intake had a higher intake of

LCFA and crude protein and a higher rate of digestion of organic matter over the whole

tract compared to animals fed the basal diet. The in sacco digestibility of oaten chaff in the

rumen was unaffected at this level of inclusion of whole cottonseed. Animals

supplemented with WCS at 30% of dry matter intake had lower rates of in sacco

digestibility of oaten chaff in the rumen, organic matter digestibility over the whole tract,

feed intake and absorption of calcium from the digestive tract but had a higher rate of

intake of LCFA. This was associated with a reduction in the concentration of ionised

calcium in rumen fluid which suggested that sufficient dietary LCFA was in the non

esterified form to reduce the numbers or activity of fibrolytic microorganisms in the rumen.

Inclusion of Ca(OH) 2 at 2% of dry matter intake with WCS returned the concentration of

ionised calcium in rumen fluid, organic matter intake, in sacco digestibility and organic

matter digestibility over the whole tract to the level of animals fed the basal diet and

increased the animal's intake of both crude protein and LCFA. It is likely that including

Ca(OH)2 at 2% of intake supplied sufficient calcium in a rumen soluble form to precipitate

non esterified LCFA in the rumen as non toxic calcium LCFA soap. Animal's fed a source

of non esterified LCFA, as found in whole cottonseed, appear to require supplemental

calcium in a rumen soluble form. This is to reduce the concentration of non esterified

LCFA in the rumen to below levels that are toxic to rumen microorganisms and possibly to

prevent a deficiency of calcium for rumen microbial function. Digestibility of calcium

over the whole tract was inversely related to dietary LCFA content. The calcium content

of a diet may also need to be increased where the LCFA content of a diet is increased to

maintain the quantity of calcium that is absorbed by the animal. Feeding whole cottonseed

at 30% of dry matter intake with Ca(OH), at 2% of intake, but not without Ca(OH),,

maintained the digestibility of the diet in the rumen and organic matter intake at the level

of animals fed the basal diet and increased the animals intake of protein and LCFA.

Supplementation of and animal with both whole cottonseed and Ca(OH) 2 should improve

the productivity of the animal compared to supplementation with whole cottonseed alone.
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Chapter 7
The growth of lambs supplemented with calcium hydroxide, and

whole cottonseed or cottonseed meal with cottonseed oil.

	

7.1.	 Introduction

The experiment reported in Chapter 6 showed that feed intake of sheep was

reduced in response to supplementation when whole cottonseed (WCS) provided 6s% of

their dietary intake as oil. This was attributed to a reduction in the ability of the rumen to

digest plant fibre in the presence of the oil. Inclusion of Ca(OH) 2 at 2% of intake with

WCS restored the capacity of the rumen to digest plant fibre to that of the unsupplemented

animals.

The protein in WCS is more soluble in the rumen than that of cottonseed meal

(CSM) (see section 6.3.4) and provides ammonia nitrogen, preformed amino acids and

branched chain volatile fatty acids for the growth of rumen microorganisms. These

compounds have been demonstrated to improve animal productivity on poor quality

roughage's (Mehrez et al. 1977, Hume 1970b). The lower rumen solubility of the protein

in CSM however results in increased 'escape' of this protein from digestion in the rumen

(Chalupa 1975, Hennessy1981, Coppock et al. 1987). Theoretically, this will increase the

ratio of protein to energy in the digesta available for absorption from the small intestine.

Supplementation of livestock consuming poor and medium quality roughages with

cottonseed meal has been demonstrated to increase the rate of liveweight gain of those

animals (Hennessy1981, Sainz et al. 1994a). Whole cottonseed therefore may be more

beneficial as a livestock supplement where more of its protein is in a slowly rumen

degradable or rumen 'protected' form. To test this hypothesis, a cottonseed feed product

with an increased content of slowly rumen degradable protein was formulated by

recombining cottonseed meal with cottonseed oil. Its effect on the growth of 1st cross

lambs fed an oaten chaff based ration was contrasted with that of WCS with and without

supplementary Ca(OH)2.

	

7.2.	 Materials and methods

Experimental design and statistical analysis

An experiment was conducted in which 9 month old wether lambs were offered

one of six dietary treatments arranged in a 2 x 3 factorial design with 8 animals per

treatment group, 48 animals in total.

Treatments included supplements based on cottonseed:
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i) cottonseed oil (CSO) included at 5.1% of intake;

ii) whole cottonseed (WCS) included at 25% of intake; and

iii) cottonseed oil + cottonseed meal (CSO + CSM) included at 5.1% and 12%.

Each of these treatments contained Ca(OH)2 at 0 or 2.0% of intake on a dry

matter basis and was offered to lambs at ad libitum intake for a period of 100 days. Each

diet supplied an equivalent amount of cottonseed oil (5.1% of dry matter intake) and the

WCS and CSO + CSM diets supplied an equivalent amount of supplementary cottonseed

protein (4.7% of dry matter intake) with the former in a more highly rumen soluble form

than the latter (effective degradability of crude protein of 619 vs 474mg/g total crude

protein respectively, see sect. 6.3.4). Diets containing 'protected' and 'unprotected'

cottonseed protein were isonitrogenous and nearly equivalent in amino acid composition

(NRC 1984, NRC 1989). The model therefore compared the effect of cottonseed oil

combined with one of three regimes of supplementation with cottonseed protein:

i) no protein supplement;

ii) whole cottonseed protein in the native and more highly rumen degradable form
(rumen 'unprotected' protein); and

iii) whole cottonseed protein, cottonseed meal, which is in a less ruminally
degradable form (rumen 'protected' protein);

with or without calcium hydroxide on the growth of lambs.

Statistical model

Y = Constant + Calcium + Protein + Calcium x Protein + (covariate) + Error

Treatments were compared using analysis of variance and the modified

Fischer's LSD based on the model outlined above (Systat 5.0). A linear regression

equation (Y = b.X + C) was fitted to the weekly cumulative liveweight data for each

animal (Systat 5.0) and the rate component used to estimate rate of liveweight gain over the

period of the experiment. The liveweight of animals at the end of the experiment was

fitted to the model as an independent variable (covariate) and tested for significance (p <

0.05) when considering the effect of treatment on 'change in eye muscle area' and 'change

in carcass fat area'. This allowed animals to be scaled statistically to the same mature size

so as to remove an effect of treatment on rate of growth. The resulting model considered

the effect of a treatment on the repartitioning of nutrients to these tissues in the absence.

End of experiment liveweight was initially fitted to the model to include dietary treatment

by live weight interactions. These interactions were removed from the model sequentially

where they failed to achieve significance (p < 0.05) and were not reported. The rate of

wool growth for each animal over 7 months prior to the commencement of the experiment
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period was fitted to the model as a covariate to correct for between animal variation in

propensity to grow wool.

Experimental procedures

Animals were allocated to treatments and fed as outlined in section 4.4. Diets

were prepared as outlined in section 4.2. Animals were weighed once weekly prior to

feeding. Sampling and analysis feeds, rumen fluid, blood plasma and wool were carried

out using methods as outlined in sections 4.3.1 to 4.3.6. Just prior to commencement of

the experiment, mid experiment and just after completion of the experiment a computer

aided tomographic image (CAT scan) was recorded for each animal as outlined in 4.3.9.

7.3.	 Results

Analysis of the experimental diets is presented in Table 7.1. All diets

contained a similar quantity of LCFA's and were approximately iso energetic when

calculated using estimates provided by the SCA (1990). Inclusion of cottonseed meal with

the basal ration increased the crude protein content of the resulting diet from 115g/kg to

155g/kg. The concentrations of calcium, phosphorus, magnesium and sulphur in the diet

met requirements as determined by the SCA (1990).

Table 7.1. Analysis of the experimental diets.

2Diet

D.M.

g/kg

O.M.

g/kg

C.P.

g/kg

LCFA

g/kg

Ca

g/kg

Mg

g/kg

P

g/kg

S

g/kg

M/D3

MJ/kg

CSO 895 925 110 70.7 9.4 1.6 5.0 2.9 8.41

CSO+Ca 899 910 108 69.1 15.7 1.6 4.8 2.8 -

WCS 898 918 150 70.5 8.4 2.2 6.3 3.2 8.83

WCS+Ca 902 903 147 70.0 16.7 2.2 6.0 3.1 -

CSM+CSO 900 922 148 71.2 9.0 2.2 6.3 3.2 8.89

CSM+CSO+Ca 903 907 145 69.7 18.0 2.1 6.0 3.1 -

1. LCFA refers to LCFA.
2. CSO refers to cottonseed oil, CSM to cottonseed meal, WCS to whole cottonseed, Ca to Ca(OH)2.
3. The metabolisable energy content of diet dry matter (M/D MJ/kg) was estimated using M/D for cottonseed oil of

35.9 MJ/kg (assuming digestibility of cottonseed oil of 0.90, 39.3MJ/kg Gross Energy), CSM = 10.9MJ/kg, WCS of
14.5MJ/kg (NRC 1984) and M/D of the basal diet of 7.3MJ/kg where M/D of 0.16 OMD% - 1.8 and OMD% is taken
as the whole tract organic matter digestibility of the basal diet reported in Chapter 6 (see Table 6.4).

7.3.1.	 Rumen fluid volatile fatty acid production

The molar ratio of acetogenic (acetate + 2xbutyrate) volatile fatty acids to

propionate (A:P ratio) increased from 3.9 to 4.4mol/mol (p < 0.01) on supplementation
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with Ca(OH) 2 when averaged for inclusion of the protein supplements and from 3.8 to

4.3mol/mol (p < 0.01) on inclusion of either of the protein supplements when averaged for

inclusion of Ca(OH) 2 . The total volatile fatty acid concentration in rumen fluid increased

from 78mM to 92mM on supplementation with Ca(OH), when averaged for inclusion of

the protein supplements (Figure 7.1 and Table 7.2). The was no effect of the protein

supplements and no Ca(OH) 2 by protein interaction on total volatile fatty acid

concentration. The concentration of acetate increased from 55.4 to 65.5mM on

supplementation with Ca(OH) 2 when averaged for inclusion of the protein supplements and

this appeared to be primarily driven by an increase in the concentration of acetate (Figure

7.2 and Table 7.2). The was no treatment effect on propionate concentration. The

concentration of butyrate increased from 5.2 to 6.6mM on supplementation with Ca(OH)2

when averaged for inclusion of the protein supplements. Supplementation with rumen

'unprotected' or rumen 'protected' cottonseed protein increased butyrate concentration from

5.3 to 6.4mM (p < 0.01) and to 6.0mM (p < 0.05) respectively when averaged for inclusion

of Ca(OH)2 . The concentration of iso volatile fatty acids was not significantly altered by

any of the dietary treatments (Table 7.2).

100

■0% Ca(OH)2

q 2% Ca(OH)2
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Unprotected
	

Protected

Figure 7.1. Rumen fluid total VFA concentration in sheep in response to supplementation with
cottonseed oil and one of three regimes of protein supplementation, no protein
supplement (CSO), a rumen 'unprotected' protein supplement (WCS) or a rumen
'protected' protein supplement (CSM) at two levels of inclusion of calcium hydroxide
(0 or 2%). CSO, WCS and CSM refer to cottonseed oil, whole cottonseed and
cottonseed meal respectively. Bars are the pooled standard error of an adjusted least
squares mean.
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Figure 7.2. Rumen fluid acetate concentration in sheep in response to supplementation with
cottonseed oil and one of three regimes of protein supplementation, no protein
supplement (CSO), a rumen 'unprotected' protein supplement (WCS) or a rumen
'protected' protein supplement (CSM) at two levels of inclusion of calcium hydroxide
(0 or 2%). CSO, WCS and CSM refer to cottonseed oil, whole cottonseed and
cottonseed meal respectively. Bars are the pooled standard error of a least squares
mean.
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Table 7.2. Rumen fluid volatile fatty acid pattern in sheep fed a roughage based ration and supplemented with cottonseed oil and one of three regimes of
protein supplementation, no protein supplement, a rumen 'unprotected' protein supplement (whole cottonseed) or a rumen 'protected'
(cottonseed meal) protein and Ca(OH)2 at two levels of intake (0 or 2%).

2CSO CS0+2Ca `WCS

Dietary Treatment

WCS+Ca	 2CSM+CSO CSM+CSO+Ca s.e.

4A:P (mol/mol) 3.6 4.0 4.0 4.6 4.1 4.6 (0.2)

Total 2VFA (mM) 79.3 90.4 81.2 89.9 74.8 94.4 (4.1)

Acet.(mM) 55.6 63.9 53.2 67.5 57.4 65.2 (2.9)

Prop.(mM) 18.2 19.4 15.7 18.3 17.2 17.3 (1.1)

But. (mM) 4.7 5.9 5.2 7.5 5.7 6.4 (0.3)

IsoVFA (mM) 1.1 1.1 1.2 1.2 1.3 1.2 (0.1)

A:P

Statistical significance of treatment effects (p)

VFA	 Acet.	 Prop.	 But. IsoVFA

Ca <0.01 <0.01 <0.01 5NS <0.01 NS

Protein <0.01 NS NS NS <0.02 NS

Ca x Protein NS NS NS NS NS NS

1. n = 8.
2. CSO refers to cottonseed oil, CSM to cottonseed meal, WCS to whole cottonseed, Ca to Ca(OH)2.
3. Figures in brackets at the end of a row are the standard error of an adjusted least squares mean.
4. A:P refers to (acetate + 2xbutyrate):propionate, VFA to volatile fatty acid.
5. NS to not statistically significant at the 5% level of probability.
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7.3.2.	 Rumen fluid and blood plasma parameters

Blood plasma urea concentration increased on supplementation of animal's

with rumen 'unprotected' or 'protected' protein from 12.95 to 17.65mM (p < 0.05) and 17.1

(p < 0.05) respectively when averaged for inclusion of Ca(OH) 2 (Table 7.3). Blood plasma

total calcium concentration increased from 0.76mM to 0.98mM on inclusion of Ca(OH)2

without supplemental protein and to 0.97mM on inclusion of rumen 'unprotected' protein

without Ca(OH) 2 . The number of entodiniomorph protozoa increased from 2.31 x 105/ml

to 2.68 x 105/ml (p < 0.01) on inclusion of Ca(OH), averaged for inclusion of the protein

supplements and from 2.16 x 10 5/ml to 2.83 x 10 5/ml (p < 0.05) on supplementation with

rumen 'protected' protein averaged for inclusion of Ca(OH)2 (Table 7.3). Rumen fluid pH

increased from 6.24 to 6.47 (p < 0.01) on supplementation with Ca(OH), averaged for

inclusion of the protein supplements (Table 7.3). Rumen fluid ammonia concentration for
the basal diet was 12.2mM (Table 7.3). Supplementation with rumen 'unprotected' protein

increased ammonia concentration from 11.8mM to 15.7mM (p < 0.05) averaged for

inclusion of Ca(OH)2 . The 'protected' protein supplement or Ca(OH)2 did not affect

ammonia concentration. Rumen fluid total calcium concentration increased from 7.63 to

10.3mM on supplementation with Ca(OH) 2 (p < 0.01) (Table 7.3). Rumen fluid

magnesium concentration increased from 4.1 to 7.2mM (p < 0.01) and 5.5mM (p < 0.01)

on inclusion of rumen 'unprotected' or 'protected' protein respectively when averaged for

inclusion of Ca(OH)2 (Table 7.3). There was no effect of Ca(OH) 2 on the concentration of

magnesium in rumen fluid. Rumen fluid phosphorus concentration decreased from 20.0 to

13.3mM on supplementation with Ca(OH), when averaged for inclusion of the protein

supplements (Table 7.6). Supplementation with rumen 'unprotected' or rumen 'protected'

protein increased rumen fluid phosphorus concentration from 13.6 to 17.6mM (p < 0.01)

and 18.8mM (p < 0.01) respectively when averaged for inclusion of Ca(OH)2.
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Table 7.3. Blood plasma urea and free ionised calcium and rumen fluid pH, ammonia and macro minerals in sheep fed a roughage based ration and
supplemented with cottonseed oil and one of three regimes of protein supplementation, no protein supplement, a rumen 'unprotected' protein
supplement (whole cottonseed) or a rumen 'protected' (cottonseed meal) protein and Ca(OH)2 at two levels of intake (0 or 2%).

2CSO CSO + 2Ca 2WCS

Dietary Treatment

WCS + Ca 2CSM + CSO CSM + CSO + Ca s.e.m.

Plasma Urea-N (mM) 13.2 12.7 17.6 17.7 16.5 17.2 (0.53)

Plasma Calcium 0.76 0.98 0.76 0.97 0.84 0.92 (0.05)

Rumen Fluid

Protozoa No. x 105/ml 1.87 2.45 2.33 2.67 2.74 2.91 (0.43)

pH 6.28 6.46 6.29 6.50 6.15 6.44 (0.06)

Ammonia (mM) 12.20 11.5 16.2 15.3 14.4 13.7 (1.4)

Calcium (mM) 7.04 9.41 7.93 10.15 7.91 11.95 (0.60)

Magnesium (mM) 3.91 4.15 6.25 5.80 5.31 5.80 (0.29)

Phosphorus (mM) 16.11 11.08 21.63 13.59 22.18 15.34 (0.94)

Plasma

Urea	 Calcium

Statistical significance of treatment (p < 0.05)

Rumen Fluid

Protozoa	 pH	 Ammonia	 Ca Mg P

Ca 'INS NS <0.01 <0.01 NS <0.01 NS <0.01

Protein <0.01 NS <0.05 NS <0.05 0.08 <0.01 <0.01

Ca x Protein NS < 0.01 NS NS NS NS NS NS

1. n = 8.
2. CSO refers to cottonseed oil, CSM to cottonseed meal, WCS to whole cottonseed, Ca to Ca(OH)2
3. Figures at the end of a row are the standard error of an adjusted least squares mean.
4. NS to not statistically significant at the 5% level of probability.
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7.3.3.	 Dry matter intake, productivity and carcass composition

Dry matter intake of animals increased from 938g/d to 1120g/d (p < 0.01) on

supplementation with Ca(OH) 2 , averaged for inclusion of the protein supplements (Table

7.4). Inclusion of rumen 'unprotected' or rumen 'protected' protein increased dry matter

intake equally from 964 to 1053g/d (p < 0.05) and 1069g/d (p < 0.05) respectively when

averaged for inclusion of Ca(OH) 2 . Rate of liveweight gain increased from 126 to 155g/d

on supplementation with Ca(OH) 2 when averaged for inclusion of the protein supplements

(Table 7.4). Inclusion of rumen 'unprotected' or rumen 'protected' cottonseed protein

increased liveweight gain from 122 to 153g/d (p < 0.01) and to 147g/d (p < 0.01)

respectively when averaged for inclusion of Ca(OH) 2 . Feed conversion efficiency (FCE)

for liveweight gain increased from 127 to 148g liveweight/kg dry matter (p < 0.01) and

137g liveweight/kg dry matter (p < 0.01) on supplementation with rumen 'unprotected' and

'protected' protein respectively when averaged for inclusion of Ca(OH) 2 (Table 7.4). The

difference in FCE of liveweight gain produced by the two protein supplements was also

significant (p < 0.01). The rate of gain of eye muscle was 0.36 faster (p < 0.01) with the

rumen 'protected' protein supplement averaged for inclusion of Ca(OH)2 (Table 7.4 and

Figure 7.3). A single regression equation (Y = b X + c) when fitted to the data describing

the change in cross sectional area of eye muscle in response to crude protein intake was

statistically significant (R2 = 0.80, s.e. 67mm2 ) where b = 4.00 (p < 0.05) and c = 362 (NS).

Regression of the change in cross sectional area of eye muscle in response to dry matter

intake was not statistically significant at the 5% level of probability. The increase in the

rate of gain of eye muscle area in response to supplementing the 'protected' protein was not

altered by scaling animals to the 'group average' end of experiment liveweight (Table 7.4).

The rate of increase in cross sectional area of carcass fatty tissue was 0.50

faster on supplementation with Ca(OH) 2 (p < 0.01) (Table 7.4). Supplementation with

rumen 'unprotected' or rumen 'protected' protein increased this measure equally by 0.39 (p

< 0.05). The rate of gain of carcass fatty tissue was responsive to dry matter intake (Figure

7.4). A single regression equation (Y = b X + c) when fitted to the data describing the

change in cross sectional area of carcass fatty tissue in response to dry matter intake was

statistically significant (R2 = 0.94, s.e. 146mm 2) where b = 4.58 (p < 0.01) and c = -2895 (p

< 0.01). End of experiment liveweight as an independent variable contributed significantly

to the model variance (p < 0.01) when applied to rate of gain of carcass fat in the carcass

and altered the estimates of some treatment means (Table 7.4). Statistical adjustment of

animals to equal final liveweight reduced the effect of Ca(OH), on rate of gain of carcass

fat from 0.50 (unadjusted) to 0.30 (adjusted) estimate (Table 7.4). There was no longer an

effect of supplementation with rumen 'unprotected' or rumen 'protected' protein on rate of
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gain of carcass fat when averaged for inclusion of Ca(OH) 2 and there was no longer a

Ca(OH)2 by protein supplements interaction.

Greasy wool growth increased from 7.0 to 7.8g/d (p < 0.05) and 8.0g/d (p <

0.05) on supplementation with rumen 'unprotected' and 'protected' protein respectively

when averaged for inclusion of Ca(OH) 2 (Table 7.4). The difference between the rumen

'unprotected' and 'protected' protein supplements was not significant.
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Figure 7.3. Change in cross sectional area of eye muscle area in response to dietary crude protein
intake. Sheep were supplemented with cottonseed oil with one of three regimes of
protein supplementation, no protein supplement (basal), whole cottonseed
('unprotected') or cottonseed meal ('protected') at two levels of inclusion of calcium
hydroxide (0 or 2%). Solid symbols represent 0% Ca(OH)2 in diet and open symbols
represent 2% Ca(OH)2 in diet. Bars are the pooled standard error of a least squares
mean. A single regression equation (Y = b X + c) when fitted to the data describing
the change in cross sectional area of eye muscle in response to crude protein intake
was statistically significant (R 2 = 0.80, s.e. 67mm2) where b = 4.00 (p < 0.05) and c =
362 (NS).

93



3000

2500
E

2000

ic4
,71U 1500.

/6/777.4-
+Basal

• Unprotected

A Protected

1000	
1--

850
	

950	 1050	 1150	 1250

Dry Matter Intake (g/d)

Figure 7.4. Change in cross sectional area of carcass fat in response to dry matter intake. Sheep
were supplemented with cottonseed oil and one of three regimes of protein
supplementation, no protein supplement (basal), whole cottonseed ('unprotected') or
cottonseed meal ('protected') at two levels of inclusion of calcium hydroxide (0 or
2%). Solid symbols represent 0% Ca(OH)2 and open symbols represent 2% Ca(OH)2
in the diet. Bars are the pooled standard error of a least squares mean. A single
regression equation (Y = b X + c) was statistically significant (R2 = 0.94, s.e.
146mm2, n 8) where b = 4.58 (p < 0.01) and c = -2895 (p < 0.01).
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Table 7.4. Dry matter intake, productivity and carcass composition in sheep fed a roughage based ration and supplemented with cottonseed oil and one of three
regimes of protein supplementation, no protein supplement, a rumen 'unprotected' protein supplement (whole cottonseed) or a rumen 'protected'
(cottonseed meal) protein and Ca(0II)2 at two levels of intake (0 or 2%).

2CSO CS0+2Ca 2WCS

Dietary Treatment

WCS+Ca	 CSM+CSO CSM+CSO+Ca s.e.

Dry matter intake (g/d) 902 1026 978 1128 934 1205 (39)

Live weight gain (g/d) 107 137 141 165 129 164 (6.5)

3 F.C.E. liveweight (g/kg) 122 134 150 146 138 136 (3.3)

Wool (g/d) 6.57 7.46 7.84 7.80 8.46 7.46 (0.38)

Increase in-

3 E.M.A.(mm2) 765 795 890 955 995 1120 (80)

E.M.A. 2wt.adj. (mm2) 780 795 885 945 1000 1110 (85)

Fat Area (mm') 1230 1655 1805 2190 1340 2705 (240)

Fat Area wt.adj.(mm2) 1545 1700 1740 1950 1445 2505 (230)

Intake Gain

Statistical significance of treatment effects (p)

F.C.E.	 Wool	 E.M.A.	 E.M.A.

liveweight	 wt.adj.

Fat Area Fat Area

wt.adj.

Ca <0.01 <0.01 4NS NS NS NS <0.01 <0.05

Protein. <0.05 <0.01 <0.01 <0.05 <0.01 <0.05 <0.05 NS

Ca x.Protein NS NS 0.06 0.06 NS NS 0.08 0.08

Covariate 4ND ND ND <0.01 ND NS ND <0.01

1. n = 8.
2. CSO refers to cottonseed oil, CSM to cottonseed meal, WCS to whole cottonseed, Ca to Ca(OH)2.
3. Refers to feed conversion efficiency (g product/kg feed dry matter intake), E.M.A. to eye muscle area, wt. adj. to the scaling of animals to the average end of experiment

liveweight.
4. NS refers to not statistically significant at the 5% level of probability and ND to Not Determined.
5. Figures in brackets at the end of a row are the standard error of an adjusted least squares mean.
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7.4.	 Discussion

Supplementation of sheep with cottonseed oil at 5.1% of dry matter intake was

reported in Chapter 6 to reduce total volatile fatty acid concentration, increase the rate of

production of propionate and reduce the rate of production of acetate and butyrate in rumen

fluid. Inclusion of Ca(OH), with CSO reversed this response, increasing the proportion

and concentration of acetate and the total VFA in rumen fluid. A similar response was

observed in this study. The total VFA concentration in rumen fluid increased on inclusion

of Ca(OH)2 across the range of protein treatments, all of which provided CSO at 5.1% of

dry matter intake with the increase VFA concentration primarily caused by an increase in

the concentration of acetate with a smaller increase in the concentration of butyrate.

Inclusion of Ca(OH) 2 also decreased the concentration of phosphorus in rumen fluid (20.0

vs 13.3mM) averaged for inclusion of the protein supplements however this had no effect

on dry matter intake or liveweight gain. It is unlikely therefore that phosphorus was

limiting fermentative activity in the rumen and the increase in the total VFA concentration

and the molar ratio of (acetate + 2xbutyrate):propionate suggests that inclusion of Ca(OH)2

has increased the fermentative activity of fibrolytic microorganisms in the rumen (Leng

1970, Singh et al. 1977, Wolin and Miller 1983).

Dry matter intake of animals was stimulated equally by both the rumen

'unprotected' and rumen 'protected' protein supplements when averaged for inclusion of

Ca(OH), although the reasons for the animal's response to each may differ.

Supplementation with cottonseed protein increased the animals intake of crude protein and

as most of the crude protein content of WCS and CSM is true protein (NRC 1984) the

animals intake of dietary true protein increased. An increase in the flow of dietary true

protein from the rumen on feeding the rumen 'protected' protein supplement compared to

the 'unprotected' protein supplement is predicted from the difference in rumen

degradability of each (see Table 6.5, Pena et al. 1986). The rumen 'unprotected' cottonseed

supplement, but not the 'protected' protein supplement, increased rumen fluid ammonia

concentration over animals fed the basal diet (11.8 vs 15.7, p < 0.05) when averaged for

inclusion of Ca(OH) 2 and this reflects the greater susceptibility of its protein to proteolytic

action in the rumen. Two mechanisms may then operate to increase dry matter intake with

the 'unprotected' and 'protected' protein supplements.

Hennessy et al. (1981) and Hennessy (1984) demonstrated separate effects of

supplementing with rumen soluble nitrogen and a 'protected' protein supplement on dry

matter intake and growth of cattle fed sub tropical pasture or sub tropical pasture hay.

Hennessy (1984) reported that an increase in rumen fluid ammonia concentration in

response to feeding urea stimulated dry matter intake in cattle fed the pasture hay. Further

increases in dry matter intake and liveweight gain were observed on feeding CSM. The
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former effect was attributed to an increase in the concentration of rumen fluid ammonia

which apparently became optimal for the fermentative digestion of the diet. The flow of

microbial protein to the small intestine under this dietary regime was reported to be

inadequate to maintain the animal's liveweight. Inclusion of CSM in the diet had no

further effect on rumen fluid ammonia concentration but increased the quantity of dietary

true protein flowing to the small intestine resulting in increases in liveweight gain. In the

study of (Hennessy et al. 1981) supplementing cattle with a rumen 'protected' protein

supplement (80% CSM + 10% fish meal + 10% meat meal) altered ratios amino acids in

blood plasma lowering the ratio of glycine and methionine to branched chain amino acids

(Hennessy et al. 1981). The increase in the proportion of branched chain amino acids was

reported to stimulate both dry matter intake and liveweight gain. The increase in dry

matter intake on supplementation with the 'unprotected' cottonseed protein observed in this

study may then be a response to an increase in the concentration of ammonia in rumen

fluid (Kowalckyk et al. 1977, Orskov et al. 1978). The increase in the rate of accretion of

eye muscle observed in this study in response to supplementing with the rumen 'protected'

protein supplement suggests that this supplement has increased the ratio of essential amino

acids to energy absorbed from the gut and may have stimulated feed intake by removing a

physiological limitation to feed intake (Hennessy et al. 1981, Hennessy 1984, Ketlaars and

Tolkamp 1992, Lonne Ingvartsen 1994).

Supplementation with Ca(OH) 2 also stimulated dry matter intake. This was

associated with an increase in total VFA concentration in rumen fluid which this was

primarily a response to an increase in the concentration of acetate. The increase in dry

matter intake and the changes in VFA concentration suggest that inclusion of Ca(OH)2

increased the rate of fermentation of the diet in the rumen (Leng 1970, Singh et al. 1977).

The increase in dry matter intake in response to supplementing with Ca(OH) 2 increased the

rate of gain carcass fatty tissue but had no effect on the rate of gain of eye muscle. While

inclusion of Ca(OH)2 increased the amount of fermentable organic matter consumed by the

animal it appears not to have produced an increase in the quantity of true protein flowing

from the rumen. This may relate either to a reduction in the amount of microbial protein

produced per unit of organic matter fermented or to an increase in the amount of dietary or

microbial protein degraded in the rumen. The net effect of inclusion of Ca(OH) 2 in a diet

may then be to decrease the ratio of amino acids to energy absorbed from the small

intestine with the extra energy derived from the increase in feed dry matter intake largely

directed to the accretion of fatty tissue.

The increase in the rate of accretion of fatty tissue in the carcass of animals

supplemented with cottonseed protein was no longer apparent when animals were adjusted

statistically to the same liveweight. This suggests that provision of either of the protein
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supplements (with cottonseed oil) increased overall growth rate of animals with no increase

in the flow of dietary energy to carcass fatty tissue. The increase in rate of liveweight gain

in response to supplementing animals with cottonseed protein has therefore produced the

same level of carcass fatness as unsupplemented animals. Adjustment to equal final

liveweight reduced but did not remove the effect of supplementation of animals with

Ca(OH), in increasing the rate of fatty tissue accretion. The increased rate of accretion of

fatty tissue on inclusion of Ca(OH) 2 was therefore proportionately higher than that

predicted from rate of liveweight gain alone and indicates that for the range of diets tested

an animal supplemented with Ca(OH) 2 at 2% of intake will have more carcass fat than an

unsupplemented animal at the same liveweight. There has therefore been a redistribution

of nutrients to the deposition of carcass fat on supplementation of an animal with Ca(OH)2.

A single regression of the rate of accretion of eye muscle against an animal's

intake of dry matter was not statistically significant at the 5% level of probability. A single

regression of the rate of accretion of eye muscle against an animal's intake of dietary crude

protein, regardless of the form of the protein, was significant (p < 0.05). An animals intake

of crude protein was therefore a reasonable predictor of the rate of accretion of eye muscle

and therefore accretion of lean tissue. Animals fed the 'protected' protein supplement

appeared to have a higher rate of accretion of eye muscle when compared to animal's given

no supplementary protein or the 'unprotected' protein supplement (see Figure 7.4). These

data suggest that two separate regression equations may exist to describe rate of eye muscle

accretion in response to crude protein intake, one equation for diets with high content of

rumen soluble crude protein and a separate equation for diets providing protein in a rumen

'protected' form. There were however insufficient data collected in this study to perform a

statistically valid comparison between these two regimes of protein supplementation.

Statistical adjustment of animals to equal final liveweight did not remove the effect of the

'protected' protein supplement on rate of accretion of eye muscle. Animals supplemented

with rumen 'protected' protein therefore contained a greater quantity of lean tissue in their

carcass compared to animals either fed no protein supplement or the 'unprotected' protein

supplement at the same liveweight. This supplement therefore produced a leaner carcass.

Rate of wool growth increased equally on supplementation of an animal with

rumen 'protected' or 'unprotected' cottonseed protein. The rate of accretion of eye muscle

was however higher in animals supplemented with the 'protected' protein supplemented

and, as discussed above, this suggests that the ratio of amino acids to energy absorbed from

the gut increased on inclusion of the 'protected' protein supplement. The use of a

'protected' protein supplement may therefore not have increased the quantity of amino acids

critical for wool growth, usually cysteine and/or methionine, that were absorbed from the

small intestine (Black et al. 1973, Reis et al. 1990). The animals used in this study were
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however under 12 months of age and therefore immature. Their average rate of wool

growth was less than 9g/d and although this is within values predicted for their stage of

maturity it may be 0.3 to 0.5 lower than that expected from mature animals (SCA 1990). A

lack of an effect of rate of wool growth to a dietary treatment may then also indicate an

incapacity of the wool follicle to respond to an increase in the animal's plane of nutrition

and in particular to an increase in the amount of true dietary protein flowing from the

rumen on provision of the rumen 'protected' protein supplement.

7.5.	 Conclusion

Supplementation of sheep with either the rumen 'unprotected' (high rumen

degradability of protein) or rumen 'protected' (low rumen degradability of protein)

cottonseed protein in the presence of cottonseed oil, equivalent to the protein and oil

content of WCS at 25% of intake, increased dry matter and crude protein intake, rate of

liveweight gain, the rate of gain of carcass fatty and lean tissue and wool growth in sheep.

The increase in dry matter intake and growth in animals supplemented with the rumen

'unprotected' protein supplement may primarily have been a response to an increase in the

concentration of ammonia in rumen fluid. Supplying the supplemental cottonseed protein

in a rumen 'protected' form increased the rate of accretion of lean tissue, but not wool

growth, in an animal compared to the 'unprotected' protein supplement. Reducing the level

of degradability of dietary true protein in the rumen increased the ratio amino acids to

energy absorbed from the gut. Statistical adjustment of animals to equal final liveweight

removed the effect of supplemental protein on rate of carcass fatty tissue accretion

suggesting that supplemental protein increased growth rate but did not increase the content

of fat in the carcass. The carcass of an animal supplemented with rumen 'protected' protein

contained was leaner than the carcass of an animal fed no supplementary protein or the

rumen 'unprotected' protein supplement.

Supplementation of sheep with Ca(OH) 2 at 2% of intake increased dry matter

and crude protein intake, rate of liveweight gain and rate of accretion of carcass fatty tissue

but had no effect on the rate of accretion of eye muscle or wool growth. The increase in

dry matter intake in response to supplementation with Ca(OH), did not increase the rate of

accretion of eye muscle. This suggests that an increase in the animals intake of

fermentable organic matter did not significantly increase the amount of microbial protein

flowing from the rumen. Statistical adjustment of animals to equal final liveweight did not

remove the effect of Ca(OH) 2 on rate of carcass fatty tissue accretion. The carcass of an

animal supplemented with Ca(OH) 2 contained more fat than the carcass of an

unsupplemented animal at when compared at the same liveweight.
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Chapter 8
Growth of lambs supplemented with calcium hydroxide,

cottonseed oil and cottonseed meal.

	

8.1.	 Introduction

The experiment reported in Chapter 6 showed that supplementation of sheep

with whole cottonseed at 30% of diet dry matter, which provided cottonseed oil (CSO) at

6% of diet dry matter, reduced the digestibility of oaten chaff in the rumen and an animal's

dry matter intake. Dry matter intake returned to that of the unsupplemented animal on

inclusion of Ca(OH)2 at 2% of intake and increased an animal's intake of crude protein and

LCFA. Both the protein and oil derived from cottonseed, when fed as individual

components of a diet, have the potential to improve the growth and productivity of an

animal. Knowledge of their relative contribution to an animal's nutrition would provide

information to allow assessment of the relative worth of feeding a protein supplement, an

oil supplement or both, so as to manipulate growth and/or productivity. A growth

experiment was therefore conducted to test the response of lambs fed an oaten chaff based

ration and supplemented with cottonseed oil (CSO), cottonseed meal (CSM) and Ca(OH),.

	

8.2.	 Materials and methods

	

8.2.1.	 Experimental design and statistical analysis

An experiment was conducted in which lambs were given one of eight dietary

treatments arranged in a 2 x 2 x 2 factorial design with 8 animals per cell, 64 animals in

total. The various factors were Ca(OH), included at 0 or 2.0%, CSO included at 0 or 5.1%

and CSM included at 0 or 12% in an oaten chaff based diet on a dry matter basis. Each of

treatment diet was offered to lambs at ad libitum intake for a period of 100 days.

Statistical model used for analysis of variance

Y = Constant + CSO + Calcium + CSO x Calcium + CSM + CSM x CSO + CSM x
Calcium + CSO x CSM x Calcium + (covariate) + Error.

Treatments were compared using analysis of variance and the modified

Fischer's LSD based on the model outlined above (Systat 5.0). A linear regression

equation was fitted (Systat 5.0) to the weekly cumulative liveweight data for each animal

and the rate component used to estimate 100 day liveweight gain. The liveweight of

animals at the end of the experiment was fitted to the model as an independent variable

(covariate) and tested for significance (p < 0.05) when considering the affect of treatment

on 'change in eye muscle area' and 'change in carcass fat area'. This allowed animals to be
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scaled statistically to the same mature size so as to remove an effect of treatment on rate of

growth. The resulting model considered the effect of a treatment on the repartitioning of

nutrients to these tissues in the absence of an affect of rate liveweight gain. End of

experiment liveweight was initially fitted to the model to include dietary treatment by

liveweight interactions. These interactions were removed from the model sequentially

where they failed to achieve significance (p < 0.05) and were not reported. The rate of

wool growth for each animal over 7 months prior to the commencement of the experiment

period was fitted to the model as a covariate to correct for between animal variation in

propensity to grow wool.

8.2.2.	 Experimental procedures

Animals were allocated to treatments and fed as outlined in section 4.4. Diets

were prepared as outlined in section 4.2. Animals were weighed once weekly prior to

feeding. Sampling and analysis feeds, rumen fluid, blood plasma and wool were carried

out using methods as outlined in sections 4.3.1 to 4.3.6. Just prior to commencement of

the experiment, mid experiment and just after completion of the experiment a computer

aided tomograph image (CAT scan) was recorded for each animal as outlined in 4.3.9.

8.3.	 Results

Table 8.1. Analysis of the experimental diets.

Diet

D.M.

g/kg

O.M.

g/kg

C.P.

g/kg

LCFA

g/kg

Ca

g/kg

Mg

g/kg

P

g/kg

S

g/kg

2M/D

MJ/kg

Basal 889 922 113 19.4 10.1 1.6 5.0 2.9 7.07

Basal+Ca(OH) 2 893 907 111 19.0 17.8 1.6 4.8 2.8 -

'CSO 895 925 110 70.7 9.4 1.6 5.0 2.9 8.46

CSO+Ca(OH) 2 899 910 108 69.1 15.7 1.6 4.8 2.8 -

CSM 892 920 155 19.8 9.6 2.3 6.3 3.3 7.49

CSM+Ca(OH), 895 905 152 19.4 16.5 2.2 6.0 3.2 -

CSM+CSO 900 922 148 71.2 9.0 2.2 6.3 3.2 8.62

CSM+CSO+Ca(OH) 2 903 907 145 69.7 18.0 2.1 6.0 3.1 -
I. Refers to dry matter content, O.M. to organic matter content, CSO to cottonseed oil Ca to Ca(OH)2 and LCFA to

LCFA.
2. M/D refers to the metabolisable energy content of a diet (MJ/kg dry matter. Assumes an M/D for cottonseed oil of

35.9 MJ/kg (true digestibility of cottonseed oil of 0.90, 39.3MJ/kg GE), CSM of 10.9MJ/kg, WCS of 14.5MJ/kg
(Grazfeed 1993). The M/D of the basal diet was calculated from the equation M/D = 0.16 OMD % - 1.8 (SCA
1990) where OMD% was 56.8% (see Table 6.4). The calculation ignores associative effects of dietary ingredients.

Analysis of the experimental diets is presented in Table 8.1. The LCFA

content of the +CSO diets was 3.6 times that of the basal diet (19 vs 71mg/g). The calcium

content of the +Ca diets was 1.7 times that of the control diet (9.5 vs 16mg/g). This

resulted in Ca:P ratios varying from 1.5:1 for the non Ca(OH), supplemented animal to
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3.3:1 for the Ca(OH), supplemented animal. Inclusion of CSO in the basal ration was

estimated to increase the metabolisable energy content of a ration by 0.16 (SCA 1992).

Inclusion of CSM increased the crude protein content of diets by 0.35 (115 vs to 155g

crude protein/kg dry matter).

8.3.1.	 Rumen fluid volatile fatty acid production

The changes in the molar ratios of acetate and butyrate on supplementation

with CSO were summarised by a change in the molar ratio of acetogenic (acetate +

2xbutyrate) volatile fatty acids to propionate (A:P ratio). The A:P ratio was reduced from

4.7 to 4.1mol/mol (p < 0.01) on supplementation with CSO when averaged for the

inclusion of the other supplements. The CSM and CSO dietary treatments interacted where

supplementation with CSO reduced the A:P ratio from 4.7 to 3.6mol/mol (p < 0.01).

The total volatile fatty acid concentration in rumen fluid increased from 81 to

91mM (p < 0.01) on supplementation with Ca(OH) 2 , averaged for other dietary treatments

(Table 8.2). There was no effect of CSM or CSO on the total volatile fatty acid

concentration. The concentration of acetate in rumen fluid increased from 57.8 to 65.1mM

(p < 0.01) on supplementation with Ca(OH), when averaged for inclusion of the other

supplements. The concentration of propionate in rumen fluid increased from 16.3 to

17.9mM (p < 0.05) on supplementation with CSO and from 16.4mM to 17.8mM on

supplementation with Ca(OH) 2 when averaged for the inclusion of the other dietary

treatments. The concentration of butyrate increased from 5.6 to 6.9rnM on inclusion of

Ca(OH)2 and reduced from 6.7 to 5.8mM on supplementation with CSC) (p < 0.01).
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Table 8.2. Rumen fluid volatile fatty acid concentration in response to supplementation of lambs with cottonseed oil, cottonseed meal and
Ca(OH)2.

Basal Basal+Ca CSO

Dietary Treatment

CSO+Ca	 CSM CSM+Ca CSM+CSO CSM+CSO+Ca s.e.m.

3A:P (mol/mol) 4.6 4.9 3.6 4.0 4.8 4.5 4.1 4.6 (0.2)

Total VFA (mM) 85.5 86.8 79.3 90.4 83.3 92.3 74.8 94.4 (4.1)

Acet.(mM) 62.2 63.3 55.6 63.9 60.5 65.6 53.2 67.5 (2.9)

Prop.(mM) 16.3 15.7 18.2 19.4 15.3 17.9 15.7 18.3 (1.0)

But. (mM) 6.1 6.7 4.7 5.9 6.4 7.6 5.2 7.5 (0.4)

IsoVFA(mM) 1.1 1.3 1.1 1.1 1.3 1.3 1.3 1.2 (0.1)

A:P VFA

Statistical significance of treatment effect (p)

Acet.	 Prop. But. IsoVFA

Ca 0.07 <0.01 <0.01 0.05 <0.01 NS

CSO <0.01 NS NS <0.05 <0.01 NS

Ca x CSO NS NS 0.05 NS NS NS

CSM 0.05 NS NS NS <0.01 0.06

Ca x CSM NS NS NS NS NS NS

CSM xCSO <0.01 NS NS NS NS NS

CSM x CSO x Ca NS NS NS NS NS NS

I  n = 8
2. CSO refers to cottonseed oil, CSM to cottonseed meal, Ca to Ca(OH)2
3. Acet. refers to acetate, prop. to propionate, but. to butyrate, A:P to the molar ratio of acetate to propionate.
4. Standard error of an adjusted least squares mean.
5. NS to not statistically significant at the 5% level of probability.
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8.3.2.	 Rumen fluid and blood plasma parameters.

Blood plasma

Blood plasma urea concentration was reduced from 22.7mM to 20.9mM (p <

0.01) on supplementation with CSO and increased from 19.4 to 24.2mM (p < 0.01) on

supplementation with CSM, averaged for the inclusion of other supplements (Table 8.3).

Ca(OH)2 had no effect on blood plasma urea and there were no treatment interactions.

Blood plasma free ionised calcium concentration increased by 0.11 (p < 0.01) on

supplementation with Ca(OH), averaged for the inclusion of the other supplements (Table

8.3).

Rumen fluid

The concentration of entodiniomorph protozoa in rumen fluid decreased from

3.43 x 105/ml to 2.49 x 105/ml (p < 0.01) on supplementation with CSO when averaged for

the inclusion other treatments (Table 8.3). Rumen fluid pH increased from 6.24 to 6.39 (p

< 0.05) on inclusion of Ca(OH) 2, averaged for inclusion of the other dietary supplements

(Table 8.3). Rumen fluid ammonia concentration for the basal diet was 12.1mM (Table

8.3). Ammonia concentration decreased from 14.8 to 11.5mM (p < 0.01) on

supplementation with Ca(OH) 2 when averaged for inclusion of the other supplements.

Ammonia concentration increased 11.1 to 15.3mM (p < 0.01) on supplementation with

CSM when averaged for inclusion of the other supplements. Ca(OH) 2 interacted with CSO

where supplementation with CSO, Ca(OH) 2 or CSO + Ca(OH), reduced ammonia

concentration from 16.5 to 13.2 (p < 0.05), 10.4 (p < 0.05) and 12.6mM (p < 0.05)

respectively when average for inclusion of CSM. CSO interacted with CSM where

supplementation with CSM increased ammonia concentration from 10.3 to 16.7mM (p <

0.05) and supplementation with CSM and CSO increased ammonia concentration to

14.0mM (p < 0.05). Total rumen fluid calcium concentration increased from 7.35 to

9.76mM (p < 0.05) on supplementation with Ca(OH) 2, from 8.03 to 9.07mM (p < 0.05)

with CSO and from 7.64 to 9.07mM (p < 0.01) with CSM, averaged for inclusion of other

dietary supplements (Table 8.3). The Ca(OH) 2 and CSO supplements interacted with the

Ca(OH) 2 and Ca(OH)2 + CSO treatments increasing calcium concentration from 7.22mM

to 8.83mM (p < 0.05) and to 10.68mM (p < 0.01) respectively. The latter two treatments

were also significantly different from each other (p < 0.05). Total rumen fluid magnesium

concentration increased from 4.0 to 9.5mM (p < 0.01) on inclusion of CSM (Table 8.3).

Ca(OH), reduced rumen fluid total phosphorus concentration from 18.4 to 11.9mM (p <

0.01) while supplementation with CSO or CSM increased phosphorus concentration by

14.4 to 15.9mM (p < 0.01) and from 13.0 to 17.2mM (p < 0.01) respectively (Table 8.3)

when averaged for the inclusion of the other supplements. Ca(OH) 2 interacted with CSO
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where supplementation with Ca(OH), or Ca(OH), with CSO decreased phosphorus

concentration from 17.0 to 11.7mM (p < 0.05). Ca(OH), interacted with CSM where

supplementation with CSM increased phosphorus concentration from 15.7 to 21.1mM (p <

0.05) and supplementation with Ca(OH)2 reduced phosphorus concentration to 10.5mM (p

< 0.05). CSM interacted with CSO where supplementation with CSM increased

phosphorus concentration from 13.0 to 15.7mM (p < 0.05) and supplementation with CSM

+ CSO increased phosphorus concentration to 18.7mM (p < 0.01). The CSM and CSM +

CSO treatments for this interaction were also significantly different (p <0.05).
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Table 8.3. The concentration of blood plasma urea and rumen fluid ammonia and macro minerals and rumen fluid pH in response to supplementation of
lambs with cottonseed oil, cottonseed meal and Ca(OH)2 on .

Basal Basal+Ca CSO

'Dietary Treatment

CSO+Ca	 CSM CSM+Ca CSM+CSO CSM+CSO+Ca 3 s.e.m.

Plasma Urea (mM) 15.1 14.4 13.2 12.7 17.8 17.6 16.5 17.2 (0.6)

Plasma Calcium (mM) 0.86 0.90 0.76 0.98 0.81 0.85 0.84 0.87 (0.06)

Rumen Fluid

Protozoa No.x10 5/ml 4.00 3.24 1.87 2.45 3.32 3.16 2.74 2.91 (0.41)

pH 6.21 6.33 6.28 6.46 6.32 6.34 6.15 6.44 (0.08)

Ammonia (mM) 12.1 8.4 12.2 11.5 20.1 12.5 14.4 13.7 (1.3)

Calcium (mM) 6.41 7.71 7.04 9.41 8.03 9.96 7.91 11.95 (0.52)

Magnesium (mM) 4.11 3.91 3.91 4.15 5.51 5.31 5.31 5.80 (0.21)

Phosphorus (mM) 15.24 10.78 16.11 11.08 18.89 12.53 22.18 15.34 (0.68)

Blood Plasma

Urea	 Calcium Protozoa

Statistical significance of treatment effects (p)

Rumen Fluid

Ammonia	 pH	 Ca Mg P

Ca 4NS <0.05	 NS <0.01 <0.01 <0.01 NS <0.01

CSO <0.01 NS	 <0.01 NS NS <0.01 NS <0.01

Ca x CSO NS NS	 NS <0.01 NS <0.05 NS <0.05

CSM <0.01 NS	 NS <0.01 NS <0.01 <0.01 <0.01

Ca x CSM NS NS	 NS NS NS NS NS <0.05

CSM x CSO NS NS	 NS <0.05 NS NS NS <0.01

CSM x CSO x Ca NS NS	 NS NS NS NS NS NS

1. n = 8.
2 CSO refers to cottonseed oil, CSM to cottonseed meal, Ca to Ca(OH)2
3. Standard error of an adjusted least squares mean.
4. NS refers to not statistically significant at the 5% level of probability.
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8.3.3.	 Dry matter intake, productivity and carcass composition

Dry matter intake was 903g/d for animals fed the basal diet and which was

3.3% of their median experiment liveweight. Supplementation of an animal with Ca(OH),

or CSM increased feed dry matter intake from 950 to 1065g/d and 1065g/d (control vs

treatment) (p < 0.01) respectively (Table 8.4), averaged for inclusion of CSO. This is

estimated to have increased the animal's metabolisable energy intake by 1.28 and 1.3MJ/d

respectively. CSO interacted with Ca(OH), where supplementation with CSO decreased

dry matter intake from 983 to 918g/d (p < 0.05) and supplementation CSO + Ca(OH),

increased dry matter intake to 1115g/d (p < 0.01) when averaged for inclusion of CSM.

The reduction in dry matter intake on supplementing with CSO without Ca(OH) 2 is

estimated to have reduced an animal's intake of metabolisable energy by 0.55MJ/d and

inclusion of Ca(OH), with CSO to have increased an animal's estimated metabolisable

energy intake by 1.13MJ/d. The CSO, CSM and Ca(OH) 2 supplements interacted where

supplementation with the +CSM and +CSM+Ca(OH) 2 diets increased dry matter intake

from 905g/d (basal diet) to 1055 and 1060g/d (p < 0.05) respectively and the CSO + CSM

+ Ca(OH)2 diet increased an animals dry matter intake to 1205g/d (p < 0.01). The

estimated increase in metabolisable energy intake for animal's fed the +CSM,

+CSM+Ca(OH), and the +CSO + CSM + Ca(OH), diets was 1.12, 1.16 and 2.59MJ/d

respectively.

Responses of liveweight gain to treatment appeared to be primarily driven by

the effect of treatment on dry matter intake (Figure 8.1). A single regression equation (Y –

b X + c) when fitted to the data describing the liveweight gain in response to dry matter

intake was statistically significant (R2 = 0.93, s.e. 5.3g/d, n = 8) where b = 0.176 (p < 0.01)

and c = -44 (NS). Rate of liveweight gain increased from 123g/d to 143g/d (p < 0.01) on

supplementation with Ca(OH) 2 and from 121g/d to 145g/d on supplementation with CSM

(p < 0.01) when averaged for inclusion of the other supplements (Table 8.4). The Ca(OH),

and CSO treatments interacted where supplementation with both CSO and Ca(OH),

increased rate of gain from 118 to 150g/d (p < 0.01) when averaged for inclusion of CSM.

The FCE for liveweight gain increased from 127 to 138g gain/kg dry matter

intake (p < 0.01) on supplementation with CSM when averaged for inclusion of CSO and

Ca(OH), (Table 8.4). The Ca(OH) 2 and CSM treatments interacted. Supplementation of

animals with CSM or CSM + Ca(OH)2 increased FCE for liveweight gain from 120 to

134g gain/kg dry matter intake (p < 0.05) and supplementation with CSM increased this

measure to 141g gain/kg dry matter intake (p < 0.05) when averaged for the effect of

inclusion of CSO. The difference between these values was not significantly different. The

rate of increase of cross sectional area of eye muscle, i.e., the rate of gain of eye muscle,
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increased over the experiment period by 0.31 (p < 0.01) on supplementation with CSM
when averaged for the effect of inclusion of Ca(OH) 2 and CSO (Table 8.4). End of

experiment liveweight as an independent variable (covariate) was not statistically

significant which suggests that dietary treatment had no effect on the repartitioning of

nutrients to eye muscle.

The rate gain of eye muscle appears to be primarily driven by the effect of

inclusion of CSM on an animal's intake of crude protein (Figure 8.2). A single regression

equation (Y = b X + c) when fitted to the data describing the change in cross sectional area

of eye muscle in response to crude protein intake was statistically significant (p < 0.01, R2

= 0.81, s.e. 67mm2 , n = 8) where b = 4.1 (p < 0.01) and c = 345 (p < 0.05).

The rate of increase of cross sectional area of carcass fat, i.e., the rate of gain of

carcass fat, increased by 0.52 (p < 0.01), 0.87 (p < 0.01) and 0.41 (p < 0.01) on

supplementation with Ca(OH) 2 , CSO and CSM respectively (Table 8.4). The Ca(OH) 2 and

CSO treatments interacted where supplementation with CSO increased the rate of gain of

carcass fat by 0.69 (p < 0.01) and supplementation with both CSO and Ca(OH) 2 increased

this measure by 1.73 (p < 0.01) when averaged for inclusion of CSM. The Ca(OH),

supplement interacted with CSM where supplementation with both Ca(OH)2 and CSM

increased rate of fat gain by 1.07 (p < 0.01). The increase in gain of carcass fat in response

to treatment is associated with the effect of treatment on an animal's estimated

metabolisable energy intake (Figure 8.3). A single regression equation (Y = b X + c) when

fitted to the data describing the change in cross sectional area of carcass fatty tissue in

response to metabolisable energy intake was statistically significant (R 2 = 0.91, s.e.

210mm2 , n = 8) where b = 455 (p < 0.01) and c = -2358 (p < 0.01). End of experiment

liveweight as a covariate contributed significantly to the model error mean square (p <0.01)

and altered the estimates of some treatment means (Table 8.4). Statistical adjustment of

the animal to equal end of experiment liveweight reduced but did not remove the effect of

supplementation with Ca(OH) 2, CSO and CSM on rate of fat gain with increases (adjusted

vs. non adjusted) of 0.36 vs. 0.52, 0.81 vs. 0.87 and 0.23 vs. 0.41, respectively. The

interaction between Ca(OH) 2 and CSM, averaged for inclusion of CSO, remained

statistically significant after adjustment of animals to equal liveweight although the size of

the response was reduced. After adjustment, supplementation with Ca(OH) 2 increased rate

of fat gain by 0.12 compared to 0.34 prior to adjustment and supplementation with CSM +

Ca(OH), increased rate of fat gain by 0.60 compared to 1.07 prior to adjustment. The

effect of CSM on increasing on rate of carcass fat gain was removed.

Greasy wool growth for the basal diet was 6.74g/d (Table 8.5) and was

responsive to the animal's intake of crude protein (Figure 8.4). A single regression
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equation (Y = b X + c) when fitted to the data describing wool growth in response to crude

protein intake was statistically significant (R 2 = 0.53, s.e. 0.76g/d, n = 8) where b = 455 (p

< 0.05) and c = 5.24 (p < 0.01). Supplementation of the animal with CSM averaged for

inclusion of CSO and Ca(OH) 2 increased wool growth from 7.0 to 8.2g/d (p < 0.01). The

CSM and Ca(OH) 2 , averaged for inclusion of CSO interacted where inclusion of CSM with

Ca(OH)2 increased the wool growth from 6.7 to 7.8g/d (p < 0.01) and inclusion of CSM

alone increased wool growth to 8.5g/d (p < 0.01). The 0.72g/d difference in wool growth

between these two treatments was also significantly different (p < 0.05).
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Table 8.4. Dry matter intake, productivity and carcass composition in sheep fed a roughage based ration and supplement with cottonseed oil, cottonseed
meal and Ca(OH)2.

Basal Basal+Ca CSO

2Dietary Treatment

CSO+Ca	 CSM CSM+Ca CSM+CSO CSM+CSO+Ca 4s.e.m.

Dry matter intake (g/d) a903 ab975 a902 ab1026 b1062 b1056 a934 c1205 (33)

Live weight gain (g/d) 111 127 107 137 145 143 129 164 (7)
3F.C.E. -- liveweight (g/kg) 122 138 119 130 136 134 146 135 (5)
Greasy Wool (g/d) 6.74 7.09 6.59 7.49 8.55 8.12 8.48 7.47 (0.34)

Increase in-

3E.M.A. (mm2) 685 835 765 795 945 960 995 1120 (80)

E.M.A. wt.adj. (mm2 ) 705 840 785 790 935 950 995 1095 (85)

Tat Area (mm2 ) 690 915 1230 1655 905 1270 1465 2705 (165)

Fat Area wt.adj.(mm2 ) 880 965 1410 1600 810 1200 1485 2475 (160)

Intake Gain F.C.E.

liveweight

Statistical significance of effect (P)

E.M.A.	 E.M.A.

wt.adj.

Fat Area Fat Area

wt.adj.

Wool

Ca <0.01 <0.01 NS NS NS <0.01 <0.01 NS

CSO NS NS NS NS NS <0.01 <0.01 NS

Ca x CSO <0.01 <0.01 NS NS NS <0.05 NS NS

CSM <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.01

Ca x CSM NS NS <0.01 NS NS <0.05 <0.05 <0.01

CSM x CSO NS NS NS NS NS NS 0.08 NS

CSM x CSO x Ca <0.05 NS NS NS NS NS NS NS

Covariate ND ND ND ND NS ND <0.01 <0.01

1. n = 8.
2. CSO refers to cottonseed oil, CSM to cottonseed meal, Ca to Ca(01-1)2
3. F.C.E. refers to feed conversion efficiency (g liveweight/kg feed dry matter intake), E.M.A. to eye muscle area.
4. s.e.m. refers to the pooled standard error of an adjusted least squares mean.
5. NS refers to not statistically significant at the 5% level of probability and ND to not determined.
6. Means in a row with different superscripts are significantly different at the 5% level of probability.
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Figure 8.1. Liveweight gain in response to dry matter intake. Lambs were supplemented with
cottonseed oil at 0 or 5%, cottonseed meal at 0 or 12% and Ca(OH)2 at 0 or 2% of dry
matter intake. Solid symbols represent 0% Ca(OH)2 in diet and open symbols
represent 2% Ca(OH)2 in diet. Regression of liveweight gain on dry matter intake
was statistically significant (Y = 0.176 X + -44, p < 0.01, R 2 = 0.93, s.e. 5.3g/d, n =
8).
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Figure 8.2. Change in cross sectional area of eye muscle in response to crude protein intake.
Lambs were supplemented with cottonseed oil at 0 or 5%, cottonseed meal at 0 or
12% and Ca(OH)2 at 0 or 2% of dry matter intake. Solid symbols represent 0%
Ca(OH)2 in diet and open symbols represent 2% Ca(OH)2 in diet. Regression of
change in cross sectional area of eye muscle against crude protein intake was
statistically significant (Y = 4.1 X + 345, p < 0.01, R 2 = 0.81, s.e. 67mm2, n = 8).
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Figure 8.3 Change in the cross sectional area of carcass fat in response to estimated
metabolisable energy intake. Lambs were supplemented with cottonseed oil at 0 or
5%, cottonseed meal at 0 or 12% and Ca(OH)2 at 0 or 2% of dry matter intake. Solid
symbols represent 0% Ca(H0)2 in diet and open symbols represent 2% Ca(H0)2 in
diet. Regression of the change in the rate of gain of carcass fatty tissue against
estimated metabolisable energy intake was statistically significant (Y = 455 X - 2358,
p < 0.01, R2 = 0.90, s.e.210mm2, n 8).

CSM+CSO
8.3	

9	
129

.89	 164

	

8.5	 •

6

90	 110	 130	 150	 170	 190
12

Crude Protein Intake (g/d)

Figure 8.4. Change in the rate of growth of greasy wool in response to crude protein intake.
Lambs were supplemented with cottonseed oil at 0 or 5%, cottonseed meal at 0 or
12% and Ca(OH)2 at 0 or 2% of dry matter intake. Solid symbols represent 0%
Ca(OH)2 in diet and open symbols represent 2% Ca(OH)2 in diet. Regression of
wool growth against crude protein intake was statistically significant (Y = 0.018X +
5.24, p < 0.05, R2 = 0.53, s.e. 0.76g/d, n = 8).
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8.4.	 Discussion

Supplementation of lambs with Ca(OH), altered rumen fluid chemistry by

increasing the concentration of calcium ion and pH and reducing the concentration of

phosphorus. It also increased the concentration of total calcium in blood plasma. The

increase in calcium ion concentration and rumen fluid pH is the result of an alkalinising

rather than a buffering action of the hydroxide ion as the pKa for Ca(OH) 2 is around 4 units

higher than rumen fluid pH (Tucker et al. 1992). The difference in the pKa of Ca(OH),

and rumen fluid also indicates that all of the calcium from this supplement is likely to

become available in the rumen. This is in contrast to traditional calcium supplements such

as CaCO3 or CaHPO4 in which the calcium is largely unavailable until it undergoes acid

hydrolysis in the abomasum. The reduction in rumen fluid phosphorus concentration

observed in this study is then probably the result of precipitation of phosphorus in response

to anelevated concentration of calcium ion in rumen fluid (Yano and Kawashima 1979).

The calcium content of diets receiving no supplemental Ca(OH), was in excess

of the animal's physiological needs (see Chapter 6). The increase in total calcium

concentration in blood plasma is in itself unlikely to alter the humeral response of the

animal to this supplement as it is free ionised calcium (Ca 2+ .12H20) that is the

physiological active species in blood plasma (Ole Siggaard-Anderson et al. 1983). It does

suggest that animals fed this supplement absorb more calcium and some of this increase

may result from absorption of calcium across the rumen wall (Beardsworth et al. 1989a

andb). Changes in rumen fluid chemistry rather than the animal's physiology are probably

responsible for the increase in an animal's intake of dry matter.

The study reported in Chapter 6 showed that supplementation of sheep with

Ca(OH), had no effect on rumen fluid pH, free ionised calcium concentration

(Ca2+ .12H20), the rate of digestion of plant fibre in the rumen or dry matter intake in the

absence of supplementary CSO. As the basal diet used in both the previous (see Chapter 6)

and present study are the same it is unlikely that rumen fluid calcium ion concentration was

limiting the rate of digestion of plant fibre. Hoover (1986) in a review paper reported that

the rate of digestion of plant fibre in the rumen was significantly reduced when rumen fluid

pH fell below 6 whereas increases in the rate of digestion of plant fibre are observed up to

pH 6.7. An increase in rumen fluid pH (6.24 vs 6.39, p < 0.01) was observed in this study

and although the magnitude of the response is small it may have increased the rate of

digestion of plant fibre in the rumen sufficiently to facilitate an increase the animal's dry

matter and therefore metabolisable energy intake.

The increase in dry matter intake in response to supplementing with Ca(OH)2

was associated with an increase in an animal's rate of liveweight gain (R 2 = 0.93) and the
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rate of gain of fatty tissue in the carcass. The rate of gain of fatty tissue in the carcass was

however better described by an animal's intake of metabolisable energy (R 2 = 0.90) as the

diets containing CSO had a higher metabolisable energy content (M.J/kg) than the basal

diet. Dry matter intake was therefore a poor indicator of an animal's metabolisable energy

intake. The size of the increase in the rate of gain of carcass fat on supplementation with

Ca(OH)2 was reduced (0.53 vs 0.36) but was not removed on statistical adjustment of

animal's to equal end of experiment liveweight. Supplementation with Ca(OH), has

therefore resulted in more dietary energy being directed to carcass fatty tissue and the

carcass of an animal supplemented with Ca(OH) 2 will contain more fat at the same

liveweight than an animal fed no supplemental Ca(OH)2.

Changes in the balance and quantity of nutrients absorbed from the gut in

response to supplementing with Ca(OH) 2 were more favourable to fatty rather than to lean

tissue gain. The increase in an animal's dry matter intake and therefore intake of ruminally

fermentable organic matter had no statistically significant effect on the rate of gain of eye

muscle over the period of the experiment. The experimental model however may have

been insensitive to an effect of treatment on rate of gain of eye muscle. Supplementation

with Ca(OH), increased this measure and the animal's dry matter intake by the same

amount. This suggests that the efficiency of production of microbial true protein has not

changed on feeding Ca(OH)2 and the flow of microbial true protein from the rumen was

proportional to dry matter intake. This assumes that the cross sectional area of eye muscle

will closely reflect the quantity of amino acids absorbed from the small intestine. The

image used to detect a change in cross sectional area of eye muscle did not give any

information as to its water or intramuscular fat content. In describing a gain in the rate of

eye muscle accretion no description is given regarding the actual rate of protein deposition

in the tissue. It is possible therefore that an increase in the cross sectional area of eye

muscle may reflect an increase in the fat and/or water content of the muscle. An increase

in the animal's intake of dry matter and therefore energy may then reflect an increase in the

energy content of the muscle. Over all diets however an animal's intake of dietary crude

protein better reflected the rate of gain of eye muscle (R 2 = 0.81) than dry matter or

metabolisable energy intake. This suggests that the effect of a treatment on the animal's

protein intake was primarily responsible for the rate of gain of lean tissue.

Supplementation of an animal with CSO had no effect on the total

concentration of magnesium in its rumen fluid but increased the concentration of calcium

and phosphorus. As inclusion of a vegetable oil in the diet of sheep has been observed to

reduce rumen fluid calcium concentration (Ferlay and Doreau 1995). The increase in the

concentration of calcium was therefore unexpected and may be an artefact of the method

used for sample preservation. Samples of strained rumen fluid were acidified to pH 2 prior

to their centrifugation to remove bacteria and fine particles. As this is 2 - 3 pH units below
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the pKa of calcium LCFA soaps (Sukhija and Palmquist 1990) any calcium as soaps

adhering to these particles would have been released into solution. This would increase the

'apparent' concentration of calcium in the sample. An increase in phosphorus concentration

on inclusion of CSO could have resulted from a decrease in the actual concentration of

ionised calcium in rumen fluid where a reduction in ionised calcium resulted in less

precipitation of phosphorus. The lack of effect of CSO on magnesium concentration was

also reported by Ferlay and Doreau (1995) in response to feeding cattle rape seed oil and

indicates that magnesium does not participate in reactions with LCFA's or respond to

changes in rumen fluid chemistry resulting from feeding CSO.

Supplementation of lambs with CSO reduced the molar ratio of (acetate +

2xbutyrate):propionate in rumen fluid (4.7 vs 4.1, p < 0.01). A decrease in this measure in

response supplementation of ruminant's with a vegetable oil has previously been reported

(Czerkawski 1973, Czerkawski et al. 1975, Sutton et al. 1983, Mohamed 1988, Chalupa et

al. 1986, see Chapters 5 and 6). It indicates a reduction in the metabolic activity of the

methanogenic and fibrolytic bacteria due to a toxic action of LCFA which is released into

the rumen upon hydrolysis of CSO (see sect. 6.4.1, Blaxter and Czerkawski 1966, Wolin

and Miller 1983).

Supplementation of lambs with CSO when averaged for the effect of

supplementation with CSM in this study also reduced the animal's dry matter intake (983

vs 918g/d, p < 0.05). As the basal diet was the same in both studies it is likely that

supplemental CSO has reduced the rate of fermentation of the diet in this study and this has

resulted in the reduction in the animal's dry matter intake. The estimated increase in the

metabolisable energy content of the basal diet on inclusion of CSO (7.07 vs 8.46MJ/kg)

was probably sufficient to increase the animal's intake of metabolisable energy (7.16 vs

7.84MJ/d) despite a reduction in dry matter intake (SCA 1990). An increase in the rate of

gain of carcass fatty tissue supports this estimate. The animal's intake of ruminally

fermentable organic matter and crude protein was however reduced in response to the

reduction in dry matter intake.

As the LCFA released upon hydrolysis of CSO in the rumen is not a source of

energy for the production of microbial cells (Czerkawski 1986, p. 202), inclusion of CSO

in a diet in this study reduced the potentially ruminally fermentable organic matter

consumed by an animal by 0.05. Glycerol, which is also released upon the hydrolysis of

CSO in the rumen, is fermented by rumen microorganisms but is quantitatively

insignificant contributing less than 2.5g/kg diet dry matter (Harwood and Geyer 1964,

Hungate 1966). Summation of the effects of the reduction in dry matter intake and

displacement of the ruminally fermentable organic matter content of the diet resulted in an

average 0.12 reduction in intake of potentially fermentable organic matter by those
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animal's supplemented with cottonseed oil. The CSO treatment would therefore have

reduced the flow of microbial crude protein to the small intestine by 0.12, which dependant

upon the relative contribution of microbial crude protein to metabolisable protein, should

have resulted in a reduction wool and lean tissue growth. As these parameters were

unaffected by this treatment the efficiency of production of microbial protein and/or the

amount of dietary true protein leaving the rumen may have increased in response to this

supplementing sheep with CSO.

There are some studies to support this hypothesis. Weisbjerg et al. (1992)

reported an increase in the flow of microbial N from the rumen on supplementing cattle fed

a diet containing approximately equal amounts of grain based concentrate and roughage

offered ad libitum with tallow at 2% of diet dry matter. This level of inclusion of tallow

had no effect on the rate of digestion dry matter in the rumen but increased the amount of

microbial amino acid produced in the rumen (1320 vs 1530g/d) and the quantity of amino

acids flowing to the duodenum (1555 vs 1795g/d). These workers suggested that an

increase in rumen liquid outflow rate in response to supplementing with tallow increased

the efficiency of production of microbial crude protein in the rumen. Ikwuegbu and Sutton

(1982) also reported an increase in the efficiency of production of microbial crude protein

(23 vs 35g microbial N/kg organic matter truly digested in the rumen) in sheep fed a

concentrate based diet (2:1 concentrate to hay) and supplemented with linseed oil at

26m1/d. The flow of bacterial N from the rumen increased (7.5 vs 9.7g/d, NS) despite a

reduction in the amount of organic matter fermented in the rumen (240 vs 160g/d).

These workers suggest that the near complete removal of entodiniomorph

protozoa from the rumen reduced engulfment and proteolysis of bacteria and this was

responsible for the increased the efficiency of production of microbial crude protein. In the

same study feeding linseed oil at 13m1/d reduced protozoal numbers by 0.34 which

produced a small (NS) increase on the efficiency of production and flow of bacterial N

from the rumen. It is this latter result of Ikwuegbu and Sutton (1982) that more closely

reflects the reduction in the concentration of entodiniomorph protozoa observed in this

study. This suggests that the level of reduction in protozoal numbers observed in this study

may have had a negligible effect on N kinetics in the rumen (Coleman 1975, Bird 1987,

Wallace and McPherson 1987).

As the amount of organic matter truly fermented in the rumen and flow of true

protein from the rumen was not measured, changes in these parameters in response to

supplementation with CSO is speculative. The quantity of fat in the carcass of these

animals increased so that at the end of the experiment animals supplemented with CSO had

more fat in the carcass and the same amount of eye muscle as animals receiving no
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supplemental CSO or Ca(OH) 2 . The increase in the rate of gain of fat in the carcass

resulted from an increase in the animal's metabolisable energy intake.

The inclusion of Ca(OH)2 with CSO when averaged for the effect of

supplementation with CSM apparently reversed the antimicrobial effects of CSO in the

rumen as the animal's dry matter intake increased (918 vs 1115g/d, p < 0.01). In Chapter 6

it was shown that the inclusion of CSO in a diet reduced the concentration of free ionised

calcium in rumen fluid (0.6 vs 0.1mM). Supplementing a diet containing CSO with

Ca(OH)2 was shown to maintain the concentration of ionised calcium in rumen fluid at the

same level as in animals receiving no supplemental CSO (0.6 vs 0.5mM). In this study the

concentration of total calcium in rumen fluid was not affected by the inclusion of CSO but

did increase in response to inclusion of either Ca(OH) 2 or Ca(OH) 2 and CSO in a diet and

was more closely associated with the animal's dry matter intake. The increase in dry matter

intake of animals supplemented with both CSO and Ca(OH) 2 when compared to an

animal's given neither supplement (983 vs 1115g/d, p < 0.01) may relate to a removal of a

physical rather than a physiological restriction to feed intake.

Supplementing an animal with both CSO and Ca(OH) 2 increased the rate of

gains of fatty tissue in the carcass (795 vs 2180mm2 , p < 0.01) with no increase in the cross

sectional area of eye muscle and no increase in the rate of greasy wool growth. The

increase in the cross sectional area of carcass fatty tissue indicates that the ratio of amino

acids to metabolisable energy in digesta has decreased although the total amount of amino

acids absorbed may not have changed. While the animal's energy intake and growth rate

has increased the diet has not improved the nutrition of the animal for lean tissue gain. It is

unlikely therefore that this diet has stimulated appetence by removing a physiological

restriction to dry matter intake. The supplement may then be acting to remove a physical

restriction to intake related to rumen function.

The study reported in Chapter 6 showed that the in sacco dry matter loss of

oaten chaff was not affected WCS (6% DMI) and Ca(OH) 2 had no effect on the rate of

digestion of oaten chaff. As the basal diet was the same for this and the previous study it is

unlikely that supplementation with both CSO and Ca(OH) 2 has increased the rate of

digestion of dry matter in this study. Exchanging the oaten chaff that comprises the basal

diet with CSO at a rate of 50g/kg may however have effectively increased the rate of solids

from the rumen.

Supplementation of ruminant's with lipids, at levels that have had no effect on

the rate of fermentative digestion of the diet in the rumen, have been reported to increase

the dilution rate of both the liquid and particle fractions of rumen digesta (Chalupa et al.

1986, Boggs et al. 1987, Ohajuruka et al. 1991, Weisbjerg et al. 1992). More LCFA and

triglyceride associates with smaller particles per unit weight of particle than with larger
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particles in the rumen (Harfoot et al. 1974). Small particles have a higher rate of turnover

in the rumen than large particles so that supplemental triglyceride and the LCFA released

upon its hydrolysis would have a higher rate of turnover than that of the diet as a whole

(Kaske and Engelhardt 1990). As inclusion of CSO with Ca(OH) 2 apparently maintained

the rate of digestion of the diet, a higher turnover of CSO, may then have reduced the

turnover time of the DM in the rumen when compared to the unsupplemented diet. This

may have facilitated an increase in the animal's intake.

The increase in the dry matter intake and metabolisable energy content of the

diet of an animal supplemented with both CSO and Ca(OH)2 increased its metabolisable

energy intake when compared to an animal receiving neither supplement (7.2 vs 9.8MJ/d)

but had a negligible effect on the animal's intake of crude protein. The increase in

metabolisable energy intake, which was predominantly as LCFA, was associated with an

increase in the rate of gain of carcass fat in the carcass. The increase in dry matter intake

had no effect on the cross sectional area of eye muscle or growth of greasy wool. This

indicates that the amount of true protein flowing from the rumen has not increased on

feeding these supplements.

Supplementation of an animal with CSM when averaged for the effect of

inclusion of CSO and Ca(OH)2 increased its intake of dry matter and crude protein

however the combination of all three supplements produced the largest increase in dry

matter intake. As the crude protein content of CSM is predominantly true protein and its

effective degradability in the rumen is less than 0.5 (see Table 6.5) it is likely that the flow

of dietary true protein from the rumen increased in response to feeding this supplement

(NRC 1984, Pena et al. 1986). The capacity of supplemental CSM to stimulate dry matter

intake and liveweight gain in cattle grazing tropical pasture has been associated with an
increase in the ratio of the branched chain essential amino acids to metabolisable energy of

digesta (Hennessy et al. 1981). Supplementation of lambs with CSM also increased the

concentration of rumen fluid ammonia, iso volatile fatty acids and probably soluble

peptides and sulphur that have not been measured in this study (Hume 1970, Hume and

Bird 1970, Bales et al. 1978). As these compounds have been observed either in vivo or in

vitro to influence the rate and/or efficiency of fermentation of plant fibre by rumen

microorganisms the amount of microbial protein flowing from the rumen may also have

increased in response to this supplement (Hume 1970, Hume and Bird 1970, Bales et al.

1978, Singh et al. 1977, Orskov et al. 1978). The increase in the rate of gain of eye muscle

in response to supplementation with CSM may then have been a response to an increase

both the quantity of dietary true protein and microbial protein flowing from the rumen (see

sect. 6.4.2, Hennessy et al. 1981, NRC 1984, Smith and Warren 1986).
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Supplemental CSM was the only supplementary regime to increase the cross

sectional area of eye muscle after statistical adjustment of animal's to equal liveweight.

Adjustment to equal liveweight reduced but did not remove the effect of CSM on the rate

of increase of the cross sectional area of carcass fat however the difference between the

unsupplemented and supplemented animal's was small (200mm 2) and probably would not

be detected as an increase in carcass fatness on assessment using Australian meat industry

standards (May et al. 1987). Supplementation with CSM increased the quantity of lean

tissue in the carcass and as this was associated with only a small increase in the quantity of

fat in the carcass when animals were adjusted statistically to equal final liveweight a leaner

carcass was produced.

An increase in the rate of lean tissue gain in animals supplemented with CSM,

when averaged for the effect of inclusion of the other two supplements may have been

responsible for the increase in the efficiency of conversion of feed dry matter into

liveweight gain (125 vs 135g lwt/kg dry matter intake). Deposition of protein is associated

with the deposition of three to four times its weight in water and minerals whereas

deposition of fatty tissue has very little associated water or minerals (Garrett 1987). An

increase in the rate of deposition of protein (g/d) as lean tissue will therefore increase

liveweight gain at four to five times the rate of deposition of fat in the carcass. A greater

proportion of liveweight gain as lean tissue gain in response to supplementation with CSM

may therefore have increased the efficiency of conversion of dry matter into liveweight

gain by increasing the amount of water and minerals stored in the carcass.

The increase in the amount of muscle tissue deposited by the animal in

response to supplementation with CSM was modified by inclusion of Ca(01-1) 2 with CSM.

The rate of growth of greasy wool increased in response to supplementary CSM, but unlike

the response of eye muscle to this supplement, inclusion of Ca(OH) 2 with CSM reduced the

rate of growth of greasy wool when compared to CSM alone. This suggests that inclusion

of Ca(OH)2 with CSM has altered the balance of nutrients in digesta specifically to the

detriment of wool growth.

A higher ratio of methionine and/or cysteine to total amino acids are needed for

wool proteins compared to muscle proteins (Reis and Colebrook 1972, Black et al. 1973,

Reis et al. 1990, Titgemeyer and Merchen 1990). The quantity of these amino acids in

digesta may have been reduced on inclusion of Ca(OH) 2 with CSM in a diet. This could

result from an increased outflow of microbial protein from the rumen which is low in one

or both of the sulphur amino acids or as a result of an increase in the rate degradation of

dietary protein in the rumen. A reduction in the flow of methionine from the rumen is a

likely candidate as under certain conditions rumen bacteria can have a reduced methionine

content relative to total amino acid N (Salter et al. 1979).
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Supplementation of an animal with all three supplements (CSM, CSO and

Ca(OH)2 ) produced the highest rate of dry matter intake. It is possible that the increase in

dry matter intake may be additive with separate effects of CSM and CSO + Ca(OH)„.

Supplementation of an animal with CSM alone may, primarily, act to increase its

appetence by removing a physiological restriction to dry matter intake. It does this by

producing a more optimal ratio of essential amino acids to metabolisable energy in digesta

(Hennessy et al. 1981, Hennessy 1984, Bird and Dicko 1987). An animal's potential intake

may remain higher that its actual intake due to a physical restriction to feed intake.

Supplementation of an animal with CSO + Ca(OH) 2 may remove a physical restriction to

dry matter intake by increasing the rate of digestion of dry matter in the rumen. Under this

supplementary regime the animal's potential intake remains below its actual intake as a

result of a physiological restriction to a further increase in dry matter intake. This may

result from decrease in the ratio of essential amino acids to metabolisable energy in

digesta. Summation of both the effect of CSM (160g/d) and CSO Ca(OH) 2 (123g/d)

increased dry matter intake by 283g/d, a value which is similar to the 300g/d increase in

dry matter intake observed on feeding all three supplements. Feeding all three supplements

may then act to remove both a physical and a physiological restriction to the animal's dry

matter intake producing the apparent additive affect of all three supplements observed here.

Although the effect of feeding all three supplements produced the largest

increase dry matter intake it did not produce a significant increase in any other parameter

used to describe the animal's growth. The animal's rate of liveweight gain and rate of

increase in cross sectional area of eye muscle and carcass fat in response to feeding all

three supplements was however accounted for by the effect of all three supplements to

increase an animal's intake of dry matter, crude protein and metabolisable energy

respectively. As rate of liveweight gain and increase in cross sectional area of eye muscle

and carcass fatty tissue were well described by single linear regression against intake of dry

matter, crude protein and metabolisable energy respectively the efficiency of use of

nutrients for gain in these tissues has probably not changed at the higher level of feed

intake.

8.5.	 Conclusion

Dry matter intake and the rate of gain of carcass lean and fatty tissue in lambs

was improved on their supplementation with Ca(OH)„ CSO with Ca(OH), or CSM but was

reduced on their supplementation with CSO without Ca(OH),. This was probably the

result of two separate mechanisms that acted to increase an animal's dry matter intake. One

mechanism resulted from supplementing lambs with CSM alone and may primarily relate

to the ability of this supplement to produce a more optimal ratio of essential amino acids to

metabolisable energy in digesta. A second mechanism, which resulted from supplementing
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lambs with both CSO and Ca(OH) 2, may primarily relate to the ability of these

supplements to increase the rate of turnover of dry matter in the rumen.

The rate of gain of lean or fatty tissue of an animal fed a roughage based diet

can be manipulated independently. The rate of gain of lean tissue in the carcass was

primarily determined by an animal's rate of intake of crude protein. Supplementing an

animal with CSM had no effect on the rate of gain of carcass fatty tissue. Animals

supplemented with CSM grew at a faster rate and produced a leaner carcass than an

unsupplemented animal when the two were compared at the same liveweight. Inclusion of

Ca(OH)2 with CSM reduced the level of response of greasy wool growth to CSM.

The rate of gain of fatty tissue in the carcass was primarily determined by an

animal's intake of metabolisable energy. Supplementing an animal with both CSO and

Ca(OH), however increased the amount of fat deposited in the carcass with little effect on

the rate of gain of carcass lean tissue. Animals supplemented with both CSO and Ca(OH),

had faster rates of liveweight gain and had fatter carcasses compared unsupplemented

animals when the two were compared at the same liveweight. Feeding CSO without

Ca(OH), had no effect on an animal's dry matter intake, rate of liveweight gain or rate of

gain of lean tissue but increased the rate of gain of carcass fatty tissue. Feeding all three

supplements produced the largest increase in dry matter, crude protein and metabolisable

energy intake and this was reflected in the respective rates of liveweight and carcass lean

and fatty tissue gain.
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Chapter 9
Changes in metabolic parameters of sheep fed supplements of

cottonseed oil and calcium hydroxide

	

9.1.	 Introduction

A previous study (see chapter 6) demonstrated that the rate of in sacco dry

matter loss of oaten chaff in the rumen of sheep was reduced on their supplementation with

whole cottonseed (WCS) to provide cottonseed oil (CSO) at 5.1% of dry matter intake.

The rate of in sacco dry matter loss and whole tract digestibility increased on inclusion of

Ca(OH), at 2.2% of dry matter intake. A growth study (see chapters 7 and 8) that fed

WCS, CSO and Ca(OH) 2 at the same rates demonstrated that feed intake of lambs

increased on supplementation with either CSO with Ca(OH) 2 or Ca(OH)2 but not in

response to CSO alone. Their efficiency of feed conversion to liveweight gain and rate of

lean tissue (eye muscle) accretion was not altered by these supplements however the rate of

accretion of carcass fat increased. The increase in the rate of fibre digestion in the rumen

on supplementation of animals with both CSO and Ca(OH) 2 may then facilitate an increase

in the animal's feed and energy intake without altering the flow of microbial cells and

therefore microbial protein from the rumen. This experiment was conducted to test this

hypothesis.

9.2. Materials and Methods

	

9.2.1.	 Model and statistical analysis

A two by two factorial design contrasting level of inclusion of Ca(OH), and

CSO in the basal diet with a second period where Ca(OH), treatment was reversed

(crossover) within the CSO treatments.

General model used

Y = constant + oil + calcium + oil x calcium + period + oil x period + animal {oil} + errort.

Model used for rumen fluid pH and ionised calcium

Y = constant + oil + calcium + oil x calcium + errort.
t The error term contained 8 degrees of freedom.

Analysis of variance was conducted as outlined in section 4.6. Statistical

analysis was determined on values of rumen fluid pH according to Boutilier and Shelton

(1980). Rumen fluid bacterial concentrations were compared using 95% confidence

interval limits (Harrigan and McChance 1976).
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9.2.2.	 Treatment diets

Animals were offered a basal diet consisting of oaten chaff, lucerne chaff and

cottonseed meal (79:9:12) with 3% added minerals (Table 9.1) and 1% added urea. The

treatments consisted of addition of Ca(OH), at 0 or 2.2% of dry matter intake and/or

substitution of the basal diet with CSO at 0 or 5.1% of dry matter intake (section 4.5.2).

The metabolisable energy content of the basal diet was estimated at 8.4 MJ/kg (SCA 1990).

Maintenance level of intake of the basal diet was estimated to be 45g/kg Liveweight'

during period (SCA 1990). Due to an average loss of liveweight of 35g/d by animals over

the first period, the level of feed offered was increased to 50g/kg Liveweight° 75 during

period two. Each days feed allocation for an animal was dispensed automatically, hourly,

in equal portions.

	

9.2.3.	 Animals and housing

Six first cross (Border Leicester x Merino) wethers and six Merino wethers,

three years old and surgically modified with rumen cannula, were held indoors in

metabolism cages as outlined in section 4.1.1. Mean liveweight of the animals was 41kg

(s.e. for treatment group 2 kg) which is around 0.65 of their standard reference weight

(SCA 1990). The time allowed for adaptation of animals to the treatment diets in period

one was 4 weeks and this included 2 weeks for adaptation to the metabolism crates. To

maintain an equivalent rumen microbiota between animals and periods, 100m1 of rumen

fluid was collected from each animal at the end of the period one, mixed and 100m1 of the

mixed sample was returned to the rumen of each animal. 6 weeks was allowed for

adaptation to the treatment diets between period and two. Animals were allocated to the

CSO treatment diets so as to distribute breed and liveweight evenly.

	

9.2.4.	 Sampling and analysis

Feed intake, feed refused and faecal output of animals was recorded daily for 7

days. Diets were prepared daily. Feed refusals and faeces were collected as outlined in

section 4.3.1. Dry and organic matter and organic N content of feed, feed refusals and

faeces was determined as outlined in sections 4.3.2 and 4.3.3. Gross energy content of feed

and faecal samples was determined by oxygen adiabatic bomb calorimetry (Digital Data

Systems Pty Ltd, CP500, South Africa).

The in sacco dry matter loss of feed material was determined as outlined in

section 4.3.8. Intake of rumen digestible organic matter for an animal was estimated by

subtracting the contribution of supplemental LCFA's to the animals organic matter intake

(OMI). This Figure was multiplied with the in sacco dry matter loss of the treatment diet

in the rumen and used to estimate of rumen digestible organic matter.

123



Rumen fluid was sampled as outlined in section 4.2.1. Rumen fluid for

determination of free ionised calcium and pH was withdrawn 30min after a feed portion

had been offered to the animal. 50m1 of rumen fluid was then placed into a beaker in a

water bath maintained at 38°. Care was taken to minimise the reduction in pressure above

the sample on its withdrawal into to the syringe so as to maintain the ppCO, within the

sample. Rumen fluid pH and free ionised calcium concentration and kinetics were

determined on this sample as outlined in section 4.3.3. A lml subsample of clarified

rumen fluid was taken from each of 12 samples withdrawn from each animal over a 24

hour period and combined for determination of NH4+-N and volatile fatty acid content (see

sections 4.3.3 and 4.3.6).

Entodiniomorph protozoa were enumerated as described in section 4.2.5. An

index of the size of the population anaerobic fungi in the rumen was determined using a

modification of a method described by Ushida et al. (1989). A wafer 2mm thick consisting

of 10% w/v of finely ground oaten chaff and 10% w/v of 'bacteriological' agarose was

produced by compressing a molten agar + oaten chaff solution between the two inverted

halves of a 100mm plastic microbial culture plate. The 'wafer' produced was cut into

15mm x 15mm squares. The finely ground oaten chaff was prepared in two stages i).

initial grinding through a lmm sieve using a bench mounted hammer mill, ii) further

separation of this material through a 660ium test sieve. One plastic histology cage (25mm

x 20mm x 5mm) containing two agar/oaten chaff strips was placed into the ventral sac of

the rumen, attached to the rumen cannula by 20cm of nylon line and incubated in place for

24 hours. On removal, the incubated strips were preserved in formal saline solution (see

section 4.2.4).

The incubated strips were stained with lactophenol cotton blue solution for one

minute and rinsed in distilled water. These prepared strips were then mounted on a

microscope slide with addition of distilled water and covered with a glass cover slip. The

number of sporangia appearing within a calibrated field of view at 200X magnification at

four or more sites per prepared strip (sufficient to bring the coefficient of variation to 0.10

or less) provided an index of anaerobic fungal numbers for each animal.

Estimation of the concentration of bacteria in rumen fluid was determined

using an anaerobic media. This contained glucose (0.2%w/v) + cellobiose (0.2%w/v) +

xylose (0.2%w/v) for enumeration of the total bacterial population and ball milled cellulose

(0.2%w/v) + xylan (0.2%w/v) + pectin (0.1°/ow/v) for enumeration of the fibrolytic

bacterial population. Rumen fluid was withdrawn from one animal from each treatment

group in period one and used as a source of inoculum. This 'inoculurn' was maintained at

38°C under anaerobic conditions and used within 1 hour of collection. Values for the
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'Most Probable Number' of bacteria was determined from two tubes inoculated from three

ten fold serial dilutions of rumen fluid (Harrigan and McChance 1976) after an incubation

period of 35 days.

Urine output for each animal was collected daily into a 10 1 plastic bucket. The

bucket contained 450m1 of tap water and 50m1 of conc. H,SO 4 Each days collection was

made up to 4kg with tap water and additional conc. H2SO 4 was added to bring the pH of the

diluted urine below 3. A 1% subsample was mixed with the previous days samples and

stored at -20°C.

The content of purine derivative compounds in urine was determined,

following a further 8x dilution of the urine sample, by reversed phase high pressure liquid

chromatography using a 8 x 100mm Novapak C18 column (Waters Associates, Millford,

Mass., USA) (Tiemeyer and Giesecke 1982). The mobile phase was 4mM sodium

phosphate solution buffered at pH 3.2.

	

9.3.	 Results

	

9.3.1.	 Analysis of the experimental diets

Analysis of the experimental diets is presented in Table 9.1. The LCFA

content of the +CSO diets was determined to be 3.6 times that of the control diet. The

calcium content of the +Ca diets was determined to be 1.7 times that of the control diet.

This resulted in Ca:P ratios from 1.5:1 for the control and +CSO diets and 2.7:1 for the

Ca(OH), supplemented diets.

Table 9.1. Analysis of experimental diets.

D.M.

g/kg

O.M.

g/kg

C.P.

g/kg

LCFA

g/kg

Ca

g/kg

Mg

g/kg

P

g/kg

S

g/kg

Control 892 920 155 20.8 9.6 2.3 6.3 3.3

+Ca 895 905 152 20.4 16.5 2.2 6.2 3.2

+CSO 900 922 148 71.2 9.0 2.2 6.1 3.2

+CSO+Ca 903 907 145 69.7 16.1 2.1 5.9 3.1

D.M. refers to dry matter, OM to organic matter, C.P. to crude protein.
CSO refers to cottonseed oil, CSM to cottonseed meal, Ca to Ca(OH)2 and LCFA to long chain fatty acid.

9.3.2.	 Rumen fluid parameters

The ratio of the acetogenic volatile fatty acids to propionate, i.e., (acetate +

2xbutyrate):propionate, in rumen fluid increased from 4.4 to 4.9mol/mol (p < 0.01) on

supplementation of animals with Ca(OH) 2 (Table 9.2). Supplementation with CSO

decreased this measure from 4.9 to 4.4mol/mol (p < 0.01).
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Table 9.2. The effect of supplementation of sheep with cottonseed oil and Ca(OH)2 on rumen
fluid parameters.

Cottonseed Oil

00/0	 5%

Calcium Hydroxide

0%	 2.2%

Calcium Hydroxide

0%	 2.2% s.e.

2A:P (mol:mol) 4.6 5.2 4.2 4.6 (0.1)

Total VFA (mM) 66 78 67 71 (3)

isoVFA (mM) 2.4 2.3 2.0 2.2 (0.1)

NH 4±-N (mM) 11.3 11.4 10.2 9.8 (0.50)

PH 5.97 6.17 5.96 6.27 (0.11)

Ca2+ .12 H20 (mM) 0.43 0.32 0.03 0.30 (0.06)

Rumen Volume (1) 4.16 4.04 4.73 3.99 (0.16)

Outflow Rate (m11-1) 340 335 350 335 (10)

Turnover Rate (d-1) 1.99 2.02 1.78 2.02 (0.07)

Statistical significance of treatment effects (p)

A:P VFA NH 4+ isoVFA pH [Ca] Volume Outflow Turnover

4Ca <0.01 <0.05 'NS NS <0.05 NS <0.05 NS 0.06

4CSO <0.01 NS <0.05 <0.05 NS <0.01 NS NS NS

Ca x CSO NS NS NS NS NS <0.05 0.08 NS 0.08

Period NS <0.01 NS NS 5ND ND <0.05 0.06 NS

CSO x Period NS NS NS NS ND ND NS NS NS

Animal {oil) NS <0.05 NS 0.09 ND ND <0.01 <0.01 <0.01

1. n = 6 except for pH and free ionised calcium (Ca2+.12 H20 (mM)) where data was collected in the first period of the
study and n = 3.

2. A:P refers to (acetate + 2xbutyrate):propinate.
3. Figures in brackets at the end of a row are the standard error of an adjusted least squares mean.
4. CSO refers to cottonseed oil, CSM to cottonseed meal, Ca to Ca(OH)2,
5. NS to not statistically significant at the 5% level of probability and ND to not determined.

Rumen fluid total volatile fatty acid concentration increased from 66.5 to

74.5mM on inclusion of Ca(OH) 2 averaged for inclusion of CSO and 'was reduced from 72

to 69mM on inclusion of CSO averaged for inclusion of Ca(OH) 2 (Table 9.2). The

concentration of the isovolatile fatty acids in rumen fluid was reduced from 2.4mM to

2.1mM (p < 0.05) on inclusion of CSO averaged for inclusion of Ca(OH) 2 . Rumen fluid

ammonia concentration was reduced from 11.3 to 10.0mM on inclusion of CSO averaged

for inclusion of Ca(OH) 2 (p < 0.05). Rumen fluid pH, averaged over a 24 hour period, was

5.97 for the control diet. Supplementation with Ca(OH) 2 increased rumen fluid pH by 0.26

units (p < 0.05). Supplementation with CSO had no effect on rumen fluid pH. Equipment
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failure in the second period of the study prevented further data collection for rumen fluid

pH and free ionised calcium (Ca2+.121120).

0.45  
■0% Ca(OH)2

q 2% Ca(OH)2        

0% CSO 5% CSO 

Figure 9.1. Rumen fluid ionised calcium concentration (Ca 2+.12H20) in response to two levels
of inclusion of cottonseed oil (0 and 5%) at two levels of inclusion of Ca(OH)2 (0 and
2%) in the diet.

Rumen fluid free ionised calcium concentration for the control diet was

0.42mM (p < 0.05) The concentration of free ionised calcium for the +CSO treatment diet

was 0.03mM, a 0.93 (p < 0.05) reduction compared to the control diet. Rumen fluid

volume increased on average by 0.09 (p < 0.01) in the second period of the study. This

corresponded with a 0.10 increase in feed on offer in period two. Between animal variation

was statistically significant.

9.3.3.	 Rumen microorganisms

The concentration of small entodiniomorphid protozoa in rumen fluid of

animals fed the +CSO diet decreased by 0.54 (NS) compared to the control (Table 9.3).

The number of anaerobic fungal sporangia that colonised agar/oaten chaff strips incubated

in the rumen of animals fed the +CSO diet was reduced by 0.99 (p < 0.01) compared to the

control (Figure 9.2).

Both the +Ca and the +CSO treatments reduced the most probable numbers of

total bacteria that could be cultured from rumen fluid by 0.52 (NS). The +CSO treatment

reduced the most probable number of fibrolytic bacteria by 0.63 (NS).
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Figure 9.2. Anaerobic fungal sporangia in response to two levels of inclusion of cottonseed oil (0
and 5%) at two levels of inclusion of Ca(OH)2 (0 and 2%) in the diet.

Table 9.3. The effect of supplementation of sheep with cottonseed oil and Ca(OH)2 on the rumen
fluid population of small entodiniomorphid protozoa, fungal sporangia and total and
fibrolytic bacteria.

Cottonseed Oil

0%	 5.1%

Calcium Hydroxide

0%	 2.2%

Calcium Hydroxide

0°A	 2.2% s.e.m.

Protozoa (No.xleml) 2.24 1.67 1.04 1.80 0.34

Fungi (No x10`/mm') 3.77 1.93 0.05 2.16 0.58

Bacteria

Total (Log. MPN/ml) 10.11 9.79 9.79 10.11 39.29 - 10.93

Fibrolytic (Log. MPN/ml) 6.79 6.79 6.36 6.79 35.97 - 7.61

Statistical significance of treatment effects (p)

Protozoa	 Fungi	 Bacteria

Total Fibrolytic

4Ca 5NS NS NS NS

4CSO NS <0.05 NS NS

Ca x CSO 0.09 <0.01 NS NS

Period NS NS 5ND ND

Period x CSO NS NS ND ND

Animal {CSO} NS NS ND ND

1. n = 6 measurement of protozoal and fundal numbers.
2. Figures at the end of a row (except Bacteria) are the standard error of an adjusted least squares mean.
3. 95% confidence limits for that mean.
4. CSO refers to cottonseed oil, Ca to Ca(OH)2,
5. NS to not statistically significant at the 5% level of probability and ND to not determined.
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9.3.4.	 Dry matter and energy intake and digestibility of dietary components

Dry matter and organic matter intake was reduced by 0.08 (NS) on

supplementation with CSO however this was influenced by one animal in period one and

one animal in period two fed the +CSO diet failing to eat on days 5 and 6 respectively.

Collection of urine and faeces for these animals was discontinued and calculations for

intake and digestibility of diets were performed for 4 or 5 days of collection rather than the

planned 7 days. Appetence of both animals returned within 24 hours of removal of CSO

from their diet. A return to pre experimental intakes for both animals did not occur for 1 -

2 weeks.

The digestible energy content of diets increased from 9.87 to 10.67MJ/kg (p <

0.01) on inclusion of CSO (Table 9.4). The Ca(OH), supplement interacted with the CSO

supplement. The +Ca(OH) 2 diet had a lower digestible energy content than the control;

accounted for by the dilution effect of addition of Ca(OH) 2 at 2.2% of dry matter intake.

Inclusion of Ca(OH)2 with CSO increased the digestible energy content of +CSO diet.

Digestible energy content of diets increased on average by 0.02 (p = 0.06) in the second

period of the study. Digestible energy intake increased from 6.22 to 6.65MJ/d (p < 0.05)

on inclusion of Ca(OH) 2 , averaged for inclusion of CSO and from 6.32 to 6.55 (p < 0.01)

on inclusion of CSO averaged for inclusion of Ca(OH), (Table 9.4).

The digestibility of dry and organic matter over the whole digestive tract

increased from 560 to 572g/kg (p < 0.01) and from 572 to 592g/kg (p < 0.01) respectively

on supplementation with Ca(OH) 2 (Table 9.4). Dry matter and organic matter digestibility

increased from 550 to 578g/kg and from 570 to 595g/kg the second period of the study.

The increase in digestibility of the CSO supplemented diets however was not as large as

for the unsupplemented diets resulting in a statistically significant period by CSO

interaction.

The apparent digestibility of LCFA's increased from 860 to 899g/kg LCFA

intake over the whole tract (p < 0.01) on supplementation with CSO (Table 9.4).

Supplementation with Ca(OH) 2 reduced the digestibility of LCFA's over the whole tract

from 894 to 864g/kg LCFA intake (p < 0.01) when averaged for inclusion of cottonseed

oil. The digestibility of LCFA was reduced from 876 to 844g/kg LCFA (p < 0.01) intake

for 0% inclusion of LCFA and increased to 919g/kg LCFA (p < 0.01) at 5.1% inclusion of

CSO in the second period of the study.

The rate of LCFA excretion in faeces increased from 1.6 to 2.9g/d (p < 0.05) on

feeding CSO without supplemental Ca(OH)2 and to 5.4g/d on feeding CSO with

supplemental Ca(OH), (p < 0.01). A CSO by period interaction occurred where the
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excretion of LCFA's for the CSO supplemented animals decreased by 0.29 (p < 0.05) in

period two.

Supplementation with CSO without Ca(OH)2 reduced in sacco dry matter loss

from 567 to 527g/kg (p < 0.05) whereas inclusion of Ca(OH) 2 with CSO maintained dry

matter loss at the level of the control (Table 9.4). The reduction in 24 in sacco dry matter

loss for the +CSO diet was related to a reduction in the concentration of free ionised

calcium in rumen fluid (Figure 9.3). The 24-hour in sacco dry matter loss of each

treatment diet, i.e., the treatment diet excluding minerals and Ca(OH) 2, increased from

560g/kg to 595g/kg (p < 0.05) on supplementation with Ca(OH)2.

Nitrogen balance of animals was positive for all dietary treatments and no

statistically significant treatment effects were observed (Table 9.5). Purine derivative

excretion per unit of OMI was not significantly affected by dietary treatment but increased

from 13.5 to 15.4mmol/kg OMI (0.14 increase) (p < 0.01) in the second period of the

study. Purine derivative excretion when expressed per unit of rumen digestible organic

matter intake (RDOMI) was reduced from 26.9 to 24.7mmol/RDOMI (p < 0.01) upon

supplementation of animals with Ca(OH)2 (Table 9.5). Purine derivative excretion

increased from 24.1 to 27.4mmol/kg RDOMI in the second period of the study.

Supplementation with CSO reduced purine derivative excretion per unit of digestible

energy intake from 1.36 to 1.22mmol/MJ digestible energy intake (p < 0.01) (Table 9.5).

Purine derivative excretion for this measure increased from 1.21 to 1.36mmol/MJ

digestible energy intake (p < 0.01) in the second period of the study.
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Table 9.4. The effect of supplementation of sheep with cottonseed oil and Ca(OH)2 on their feed and energy intake, the dietary energy content and their
sacco and apparent whole tract digestibility of dietary components.

0%

Cottonseed Oil

5%

0%

Calcium Hydroxide

2.2%

Calcium Hydroxide

0%	 2.2%

Dry matter intake (g/d)

Organic matter intake (g/d)

630

580

650

590

580

535

640

580

(21)

(20)

Dig. energy in diet (MJ/kg) 10.00 9.75 10.55 10.80 (0.08)

Dig. energy intake (MJ/d) 6.30 6.35 6.15 6.95 (0.22)

4Whole Tract Digestibility

Dry matter (g/kg) 565 575 555 570 (2.5)

Organic matter (g/kg) 580 595 565 590 (2.0)

Nitrogen (g/kg) 745 750 735 745 (1.5)

LCFA (g/kg) 870 850 920 880 (6.0)

LCFA Excretion (g/d) 1.6 1.9 2.9 5.4 (0.3)

In Sacco D.M. Loss.

5 Basal Diet (g/kg)a 567 579 527 583 (3.6)

5 Treatment Diet (g/kg)b 567 579 553 612 (3.8)

Statistical significance of treatment effects (p)

DMI OM1 DED DEl DMD OMD N.Dig LCFA.Dig.	 LCFA Ex. DMLa DMLb

2Ca	 <0.01 6NS NS 0.05 <0.01 <0.01 NS <0.01 <0.01 <0.05 <0.05

2CSO	 NS NS <0.01 <0.01 NS NS NS <0.01 <0.01 NS NS

Ca x CSO	 NS NS 0.05 0.10 NS NS NS NS <0.01 <0.05 NS

Period	 NS NS 0.06 NS <0.01 <0.01 ..NS NS NS 0.07 0.09

CSOxPeriod	 NS NS NS NS <0.05 <0.05 NS <0.01 <0.05 NS NS

Animal (CSO)	 NS NS NS NS 0.05 <0.01 <0.01 NS NS <0.01 <0.01

1. n = 6.
2. CSO refers to cottonseed oil, CSM to cottonseed meal, Ca to Ca(OH)2.
3. Figures in brackets at the end of a row are the standard error of an adjusted least squares mean.
4. Whole Tract Digestibility refers to the apparent whole tract digestibility .
5. Ca(OH)2, minerals and urea were not included.
6. NS to not statistically significant at the 5% level of probability.
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Figure 9.3. In sacco digestibility of the basal diet over 24 hours in the rumen in response to rumen
fluid free ionised calcium concentration (Ca 2+ .121120). Sheep were supplemented
with cottonseed oil at 0 or 5% of intake and Ca(OH)2 at 0 or 2% of intake. Solid
symbols represent 0% Ca(OH)2 and open symbols represent 2.2% Ca(OH)2 in diet.
Bars are the standard error of a least squares mean.

9.3.5.	 Nitrogen balance and purine derivative excretion

Table 9.5. The effect of supplementation of sheep with Ca(OH)2 and cottonseed oil on nitrogen
balance and purine derivative excretion.

Cottonseed Oil
0°/0	 5.1%

Calcium Hydroxide
0%	 2.2%

Calcium Hydroxide
0%	 2.2%

N Balance (g/d) 1.7 1.7 1.1 1.6 2(0.4)

Purine Excretion
14.9 14.5 13.9 14.5	 (0.4)(mmol/kg 30MI)

(mmol/kg 3RDOMI) 27.2 24.5 26.5 24.9	 (0.7)

(mmol/MJ 3DEI) 1.37 1.34 1.22 1.21 (0.03)

Statistical significance of treatment effects (p)
N Balance

OMI
Purine Excretion

3RDOMI DEI

4Ca 5NS	 NS <0.01 NS

4CSO NS	 NS NS <0.01

Ca x CSO NS	 NS NS NS
Period NS	 <0.01 <0.01 <0.01
Period x CSO NS	 NS NS 0.09
Animal{CSO} NS	 NS NS NS

I. n = 6.
2. Figures in brackets at the end of a row are the standard error of an adjusted least squares mean.
3. OMI refers to organic matter intake, RDOMI to ruminally digestible organic matter intake and DEI to

digestible energy intake.
4. CSO refers to cottonseed oil, Ca to Ca(OH)2.
5. NS to not statistically significant at the 5% level of probability.
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9.4.	 Discussion

	

9.4.1.	 Rumen Function

Inclusion of Ca(OH)2 in diets reduced the level of free ionised calcium
(Ca2+ .12H20), i.e., calcium associated with water molecules only, in rumen fluid compared

to the control value although the concentration of total ionised calcium in rumen fluid may

have increased (see tables 7.3 and 8.3). This reduction in free ionised calcium is in contrast

with observations made by Palmquist et al. (1986) and Wagner et al. (1993) where addition

of calcium chloride to the diet of cows increased rumen fluid free ionised calcium two to

three fold. The lack of an effect of Ca(OH) 2 on rumen fluid free ionised calcium

concentration observed in this study is probably the result of changes in rumen fluid

chemistry rather than differences in solubility of the two salts.

Ca(OH)2 is strongly alkaline in solution with a solubility of 1.2g/1 or 26mM

resulting in a final pH of 12.4 in water (Aylward and Findlay 1974, Whitten and Gailey

1984). Rumen fluid pH in this study ranged from 5.97 to 6.27 which is more than 6 units

below that of saturated aqueous Ca(OH) 2 . This would result in the complete dissociation in

rumen fluid of the 15g/d of Ca(OH) 2 consumed by an animal (Tucker et al. 1992). The

decrease in rumen fluid pH may, as a result of mass action and cation exchange, promote

the formation of associations or precipitates of calcium with LCFA's as well as chloride,

the fibre cation exchange complex, sulphate, orthophosphate, phosphate and carbonate

(Torre et al. 1992). This would reduce the concentration of free ionised calcium in rumen

fluid (Aylward and Findlay 1974, Sukhij a and Palmquist 1990,).

The extent to which the concentration of calcium will increase in rumen fluid

or that precipitates will form is also dependent upon the concentration of these anions. The

14 fold decrease in rumen fluid free ionised calcium in response to the +CSO treatment is

therefore primarily the result of formation of associations or precipitates of calcium with

LCFA's derived from CSO within the rumen (Palmquist 1984, Palmquist et al. 1986,

Sukhija and Palmquist 1990). The restoration of this measure to the level of that of an

unsupplemented animal on inclusion of Ca(OH)2 indicates that sufficient calcium was

made available to counteract the loss due to soap formation. The +CSO treatment reduced

the in sacco digestibility of the basal diet but caused only a small (non significant)

reduction in dry matter, organic matter and nitrogen digestibility over the whole digestive

tract. This suggests that CSO had a greater effect on digestibility of feed within the rumen

than over the whole digestive tract and supports a hypothesis that hind gut fermentation can

compensate for a loss of rumen digestive capacity. Inclusion of Ca(OH) 2 with CSO

returned the in sacco dry matter loss of the basal diet to that of an unsupplemented animal,
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indicating the site of action of Ca(OH), is the rumen. The +CSO treatment diet also

reduced digestible energy intake of animals compared to the control diet.

The reduction in an animal's intake when it was fed the +CSO diet and the

increase in intake of an animal supplemented with Ca(OH)2, with or without CSO, may

primarily be the result of changes in the rate of digestion of plant fibre. Purine derivative

excretion per unit digestible energy intake, and therefore microbial protein to energy ratio

(P:E) of digesta, was not altered when it was fed the +Ca(OH) 2 diet and was lower when it

was fed the +Ca(OH),+CSO diet yet feed intake was stimulated equally for both diets.

This suggests that changes in the P:E ratio did not influence the animal's appetite. A

decrease in the rate of digestion of plant fibre in the rumen of an animal fed the +CSO diet

probably reduced the rate of turnover of solids from the rumen. Rumen volume increased

with this treatment and this may have decreased the animal's dry matter intake (Allens and

Merten 1988). The reverse may have occurred for animals fed the +CSO+Ca(OH), diet.

The reduction in digestibility of the basal diet in the rumen in response to CSO

may best be characterised as a reduction in fibrolytic enzyme activity (McAllan et al. 1983,

Tesfa 1992). While the dietary treatments did not significantly alter the numbers of rumen

total or fibrolytic bacteria or entodiniomorphid protozoa, the +CSO treatment caused a 0.99

reduction in the size of the anaerobic fungal population and effectively removed this

groups contribution to fibrolytic enzyme activity in the rumen. This indicates that the

anaerobic fungi, or a particular stage of their lifecycle, are more sensitive to the presence of

LCFA's within the rumen than are the celluloytic bacteria. This observation is in

agreement with the findings of Ushida et al. (1990). It also suggests that the anaerobic

fungi contribute significantly to the digestion of plant fibre in the rumen.

9.4.2.	 Purine Derivative Excretion

The 0.1 reduction in purine derivative excretion per unit digestible energy

intake on feeding CSO to animals reflects the inability of rumen microorganisms to

ferment the LCFA's which are responsible for the increase in digestible energy content of

the CSO supplemented diets (Czerkawski 1986, p. 202). The increase in the rate of

digestibility of the basal diet in sacco observed on supplementation of an animal with

Ca(OH) 2 however, was associated with a decrease in purine derivative excretion per unit of

RDOMI. Purine derivative excretion per unit digestible energy intake did not reflect this

response. This may result from the insensitivity of digestible energy intake to detect a

small increase in the rate of digestion of the more intractable components of the diet, i.e.,

the plant fibre fraction, due to the diluting effect of other dietary components and due to

the possibility that part of the carbon released from plant fibre has been resynthesised into

indigestible compounds, eg., microbial cell coat polysaccharides (Hungate 1966,

134



Czerkawski 1986, Van Soest 1982, Pelczar et al. 1986, Legay-Carmier and Bauchart

1989).

The increase in the rate at which organic matter was fermented in the rumen,

may have produced ATP at a rate in excess of that which can be used for cell growth and

division. This could occur where one or more nutrients are limiting for growth. It is

possible that ATP in excess of the microorganisms capacity to synthesise protein and or

lipid could be directed into the production of cell coat polysaccharide. This may confer a

competitive advantage to the microorganism as it increases its ability to attach to plant

fibre and concentrate nutrients within the vicinity of its cell wall (Costerton et al. 1978,

Akin and Barton 1983, Czerkawski 1986, Pelczar et al. 1986). This response would

therefore reduce the amount of microbial protein to metaboli sable energy in digesta.

	

9.4.3.	 Long Chain Fatty Acids

The increase in digestibility o f LCFA's on supplementation of animals with

CSO is probably the result of a dilution of endogenous faecal lipid by the supplementary

lipid (Wu et al. 1991) as the total daily excretion of LCFA increased in these animals. The

decrease in digestibility of LCFA's on supplementation of animals with Ca(OH), may

result from an increase in the formation of calcium LCFA soaps in the small intestine as

the undissociated calcium LCFA is not available for absorption (Bernard et al. 1989, Van

Houtert 1991, Bauchart 1993). Calcium soaps and the presence of calcium ion in the small

intestine have however been observed to increase the digestibility of lipid in the rat and

sheep due to their ability to increase the emulsification of lipid in the small intestine

(Bernard et al. 1989, Bauchart 1993). Secretion of bile salts however may not be adequate

to emulsify the lipid found in the digesta of sheep fed the diets containing CSO in this

study (Bauchart 1993) resulting in the increase in LFCA excretion observed here.

	

9.4.4.	 Period effect

Dry matter and organic matter digestibility increased in the second period of

the study for all dietary treatments and digestibility of LCFA's increased for the -fCSO

diets over the whole digestive tract. This corresponded with a reduction in the total amount

of volatile fatty acids in the rumen, increased rumen volume and increased rumen fluid rate

of outflow. As the ratio of molar proportions of the major volatile fatty acids did not

change in period two, the reduction in the concentration of the total volatile fatty acids may

be the result of the changes in rumen fluid kinetics. This could occur through dilution of

volatile fatty acids as a result of the increase in rumen fluid volume. Purine outflow per

unit of OMI also increased in the second period of the study suggesting the efficiency of

synthesis of microbial cells in the rumen may have increased. This latter effect is not
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easily explained as an increase in rumen fluid outflow rate was offset by an increase in

rumen fluid volume resulting in no change in rumen fluid turnover. Microbial growth

efficiency and therefore microbial yield per unit of OMI would not be expected to change

under these conditions (Harrison and McAllan 1979). Adaptation of animals to increased

amounts of long chain fatty acid in the diet may occur over extended periods (Ball et al.

1972) and these responses suggest increased adaptation of the rumen and/or the animal to

both the diet and feeding regime in the second period of the study.

9.5.	 Conclusion

Inclusion of CSO in a roughage based diet increased the digestible energy

content of the diet when fed to sheep but did not increase the animal's digestible energy

intake and reduced the ratio of microbial protein to digestible energy in the diet. A

reduction in the digestibility of dry matter in the rumen of CSO supplemented animals was

associated with a reduction in the concentration of free ionised calcium and the anaerobic

fungal population in rumen fluid but not total or fibrolytic bacterial numbers. An animal

supplemented with both Ca(OH) 2 and CSO had increased rates of in sacco dry matter loss

and increase dry matter and digestible energy intake compared to an unsupplemented

animal. This was associated with a return in the concentration of rumen fluid free ionised

calcium and anaerobic fungal numbers to the level of an unsupplemented animal. A

reduction in rumen fluid free ionised calcium concentration to 0.03mM in response to

feeding CSO may have limited the digestion of roughage in the rumen whereas a

concentration of 0.3mM was not limiting in the presence of CSO. Animals supplemented

with Ca(OH), however had a reduced ratio of purine derivative excretion to the amount of

organic matter digested in the rumen indicating there was an decrease in the ratio of

microbial protein absorbed to metabolisable energy available from the diet. Rumen fluid

free ionised calcium concentration appears to be an important factor in determining the

capacity of the rumen to ferment roughage based diets where the diet contains

supplementary vegetable oil or long chain fatty acid.
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Chapter 10
General Discussion

10.1	 Free ionised calcium concentration in the rumen fluid of sheep
fed cottonseed oil.

The inclusion of cottonseed oil in the diet of sheep fed a roughage based diet

reduced the rate of fermentation of plant fibre and the production of VFA and microbial

cells in the rumen. Numbers of entodiniomorph protozoa and anaerobic fungi were

reduced with the anaerobic fungi most affected. It also reduced the concentration of

calcium ion in rumen fluid one order of magnitude below that of the control. Cottonseed

oil or other triglyceride does not react with calcium ion and did not increase its dilution rate

in rumen fluid or absorption across the rumen wall. Triglyceride is however rapidly

hydrolysed to LCFA and glycerol in the rumen (Harfoot 1981). A reduction in the

concentration of calcium ion in rumen fluid in response to feeding sheep cottonseed oil was

therefore the result of its precipitation with LCFA to form calcium soap (Jenkins and

Palmquist 1982). Feeding calcium hydroxide, a source of rumen soluble calcium, with

cottonseed oil maintained the concentration of calcium ion, the rate of fermentation of

plant fibre and the production of VFA and microbial cells in the rumen of sheep at or

above the level of animals fed the basal diet.

Given that the effect of cottonseed oil on the digestion of plant fibre was

dependant upon the level of inclusion of calcium hydroxide, the amount of long chain fatty

acid in the rumen when estimated from its level of inclusion in an animal's diet does not

necessarily indicate its effect on the capacity of the rumen microorganisms to ferment plant

fibre. The findings presented in this thesis suggest that a more useful indicator is the

concentration of free ionised calcium in rumen fluid. Free ionised calcium, i.e., calcium

ion associated only with water molecules (Ca 2+ .12H2 0) is the calcium species that is

immediately available to participate in chemical reactions and/or biological processes (Ole

Siggaard-Anderson et al. 1983). It can be measured directly using a calcium ion specific

electrode and may be the most appropriate measure for estimating the adequacy of supply

of calcium ion for the rumen. Soluble calcium, usually measured by atomic absorption or

colour spectrophotometry, is the sum of the concentrations of a number of forms of

calcium including free ionised calcium, calcium that is electrostatically associated with

other ions and calcium that has complexed with another ionic species, eg., CaHCO 3 ', or

soluble protein (Ole Siggaard-Anderson et al. 1983).

137



Table 10.1. The concentrations free ionised and soluble calcium and the in sacco digestibility of
oaten chaff in the rumen in response to supplementing sheep with cottonseed oil and
calcium hydroxide.

% CSO/Ca(OH)2 in the diet 10/0 10/2 15/0 15/2 26/0 26/2

3Active calcium (mM) 0.43 0.30 0.03 0.30 0.08 0.50

Soluble calcium (mM) 8.0 10.0 7.9 12.0 7.9 11.0

In sacco dig. (%) 57 58 53 58 53 59

4 Whole tract dig. (%) 58 60 57 59 55 61

1. Data in column, except soluble calcium concentration, drawn from chapter 9.
2. Data in column, except soluble calcium concentration, drawn from chapter 7.
3. Values in rows use data drawn from chapters 8 and 9.
4. Whole tract dig. refers to whole tract organic matter digestibility.

A minimum concentration of free ionised calcium that will not limit the rate of

fermentation of plant fibre in the rumen on inclusion of a triglyceride has not previously

been reported. 0.3mM was the lowest value observed in these studies where the rate of

fermentation of oaten chaff in the rumen was not inhibited by the inclusion of cottonseed

oil. When cottonseed oil was included in a diet, a reduction in the rate of digestion of plant

fibre in the rumen occurred when the free ionised calcium concentration fell to 0.08m or

less; 0.03mM being the lowest value observed. A concentration of free ionised calcium

between 0.3 and 0.6mM in the rumen fluid of sheep fed cottonseed oil up to 60g/kg dry

matter intake maintained the capacity of rumen microorganisms to ferment plant fibre.

Free ionised calcium concentration in rumen fluid was therefore better correlated with a

reduction in the rate of digestion of plant fibre in the rumen than dietary content of long

chain fatty acid (Table 10.1). Under the same conditions, the concentration of soluble

calcium in rumen fluid was not altered by the inclusion of cottonseed oil. As the

concentration of free ionised calcium is a small proportion of the soluble calcium in the

rumen, the concentration of soluble calcium is an insensitive indicator of the amount of

calcium available to participate in chemical reactions and/or biological processes. Values

of less than 3% were observed here.

10.2.	 The importance of rumen fluid pH

The use of free ionised calcium ion (calcium ion) concentration in rumen fluid

to predict the capacity of rumen microorganisms to ferment plant fibre in the presence of

cottonseed oil relies on the assumption that most of the long chain fatty acids released from

the cottonseed oil will form and remain as calcium soap. En this way a toxic action of long

chain fatty acid is avoided and the free ionised calcium concentration will reflect the

amount of calcium ion that is in excess of that required for calcium soap formation. The
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chemical conditions in the rumen therefore must be favourable for the formation of calcium

soap from LCFA.

Calcium soaps, while highly insoluble in aqueous solution, are subject to acid hydrolysis
according to the net equation

Ca.LCFA 2 + 2H +	 Ca2++ 2H.LCFA

The course of the reaction is therefore dependant on pH and the concentration of calcium

ion so that the the production of organic acid in the rumen can hydrolyse calcium soap with

the release of calcium ion. Sukhija and Palmquist (1990) report that calcium soaps of

stearate, tallow and palm oil will be less than 5% dissociated when rumen fluid pH is 6 or

higher while calcium soap derived from soybean oil will be 30% dissociated at this pH.

These workers attribute the greater degree of dissociation of soybean oil to its high content

of polyunsaturated long chain fatty acid. Calcium soaps may then form selectively with

the saturated and monounsaturated LCFA arising from supplemental triglyceride and this

will increase the relative concentration of polyunsaturated fatty acid in solution.

The estimates of degree of dissociation, which Sukhija and Palmquist (1990)

term stability, are based on the application of the Henderson Hasselbach equation to data

they derived from the titration of a calcium soap/ethanol/water emulsion with hydrochloric

acid. Both the changes in pH and the concentration of calcium ion were recorded. The

plots of the titrations of the calcium soap demonstrated a similar form and a plot typical of

the data derived from the titration of calcium soaps of stearate, tallow and palm oil is

represented diagrammatically in Figure 10.1.

pH

ra21 
pH 4.5 - 4.6

Ca 2+

pH    

HC1--->

Figure 10.1. The change in pH and concentration of free ionised calcium ion on titration of calcium
soaps of stearate, tallow and palm oil with HC1. After Sukhija and Palmquist (1990).
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Sukhija and Palmquist (1990) however apply the Henderson Haselbach

equation inappropriately to the acid hydrolysis of calcium soaps as the cation of the salt,

calcium ion, is divalent and the salt, i.e., Ca.LCFA„ having a very low solubility does not

achieve a reasonable concentration in solution, i.e., >0.05M (Whitten and Gailey 1984).

The estimates of the extent of dissociation of the different calcium soaps in water at a given

pH made by these researchers may then be inaccurate although still closely reflecting the

stability of the calcium soap.

The pH at which calcium soap became fully dissociated is estimated by the

equivalence point of the titration; also represented by the point of inflection of the calcium

curve (Figure 10.1). Calcium soaps appear to be minimally dissociated at pH values to the

left of the point of inflection of the calcium curve. It is likely however that dissociation

occurs in a two step process according to the equation

+	 4-

H	 H

Ca.LCFA 2 Ca.LCFA+ + H.LCFA \--- Ca2+ 
± 2H.LCFA

OH
	 OH

and given the homogeneity of the LCFA derived from tallow, palm oil and soybean oil the

equivalence point will represent an average for the range of types of LCFA in each calcium

soap (Harwood and Geyer 1964). Calcium ion concentration and pH therefore does not

indicate the amount of LCFA either in solution or as stable calcium soap until the equation

has proceeded far to the right or left respectively. The relevance of Sukhija and Palmquist

(1990) applying the Henderson Haselbach equation to their data is then clear as a 1 unit

change in pH of above or below the equivalence point determined by their titrations

appears to estimate these two extremes. These workers report the pH at equivalence for

calcium soaps of stearate, tallow, palm oil and soya bean oil as being 4.5, 4.5, 4.6 and 5.6

respectively. The pH above which calcium soaps of stearate, tallow and palm oil are

largely undissociated may then be 5.5 to 5.6. They are therefore 'stable' over the pH range

considered normal (pH 6.0 to 6.7) for rumen function in roughage fed ruminants (Hoover

1986). Calcium soaps with a high polyunsaturated LCFA content and including cottonseed

and soybean oil (47.8% and 57.3% polyunsaturated LCFA respectively) may be partially

dissociated and therefore unstable at this pH (Sukhija and Palmquist 1990). This

instability should be transient however as biohydrogenation in the rumen will convert the

polyunsaturated LCFA to monounsaturated and saturated LCFA increasing the amount of

LCFA as calcium soap.

10.3.	 Choice of compound to provide rumen soluble calcium

Although a range of organic and inorganic calcium compounds are soluble in

the rumen, calcium hydroxide may be the most practical and efficacious for the purpose of
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increasing the concentration of calcium ion in rumen fluid. Rumen soluble organic

calcium salts are more expensive to feed relative to inorganic calcium salts. Calcium

carbonate and calcium orthophosphate have low solubility in rumen fluid (Palmquist

1986). This makes their use impractical given the need for high rates of their addition to a

diet to achieve an increase in rumen calcium concentration. Calcium chloride, calcium

hydroxide and calcium sulphate are however sufficiently soluble to make their use

practical.

Inclusion of large amounts of calcium sulphate in an animal's diet may in itself

be problematic. In the planning of this thesis it was considered that calcium ion may need

to be included up to 3 times or more of the stoichiometric amount required to form calcium

soaps of the long chain fatty acids released from cottonseed oil. At this rate of addition of

calcium sulphate the quantity of sulphur released into the rumen will exceed levels

recommended in the Australian feeding standards for ruminants (10g S/kg dry matter vs 3g

S/kg dry matter) (SCA 1990). This may be sufficient to induce a deficiency of copper

and/or zinc in the animal. Calcium sulphate was therefore excluded as a source of rumen

soluble calcium and calcium chloride and hydroxide were compared for their efficacy in

maintaining the capacity of rumen microorganisms to ferment plant fibre in the presence of

cottonseed oil in vitro. Calcium chloride was partially effective while calcium hydroxide

was fully effective. There was therefore an effect of the anion.

The addition of calcium chloride to fermentation flasks increased the

concentration of chloride ion by less than 10%. As this amount of chloride ion should have

no direct effect on microbial activity the alkalinizing action of hydroxide ion was a factor

(Hungate 1966). It is likely that hydroxide ion removed protons from surfaces that possess

cation exchange capacity, such as plant fibre and bacteria, allowing calcium to bind at the

sites vacated by the protons (Torre et al. 1992). This may improve the efficacy of calcium

hydroxide compared to calcium chloride in three ways. Firstly, it would increase calcium

buffering through ion exchange between the cation exchange site and rumen fluid. A store

of calcium that has not been consumed in other chemical reactions, such as precipitation

with phosphate ion, would then be available to react with any long chain fatty acid that is

released upon hydrolysis of cottonseed oil. Secondly, calcium ion concentration would

increase in the immediate vicinity of the sites at which long chain fatty acids penetrate the

bacterial cell wall or cell coat. This may create a barrier to the penetration of the bacterial

cell membrane by a long chain fatty acid molecule if the long chain fatty acid preferentially

combined with calcium ion. The primary toxic action of long chain fatty against the

bacteria would therefore be prevented (Galbraith et al. 1971, Galbraith and Miller

1973a,bandc). Finally, the 0.2 to 0.3 unit increase in pH of rumen fluid observed in

animal's supplemented with calcium hydroxide may have increased the stability and rate of
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formation of calcium soaps in vivo (see Chapters 7, 8 and 9). The pH of liquor in the in

vitro fermentation study was however buffered at pH 6.7 so that pH may not therefore have

been a factor in the in vitro study (see Chapter 5).

10.4.	 Rate of addition of soluble calcium to a diet supplemented with
cottonseed oil

Adding calcium hydroxide to an animal's diet at 375g calcium hydroxide/kg

cottonseed oil (equivalent to 400g slaked lime/kg cottonseed oil) or 3 times the amount

required to combine stoichiometrically with the long chain fatty acids in supplemental

cottonseed oil maintained the concentration of free ionised calcium ion in rumen fluid and

the capacity of the rumen to ferment plant fibre at the level of the rumen fluid of animals

receiving the unsupplemented diet. The need to supply calcium at 3 times the

stoichiometric rate of dietary cottonseed oil then reflects the different kinetics of calcium

ion and long chain fatty acid in the rumen.

Notionally, to maintain the equivalent concentration of calcium ion and long

chain fatty acid in the rumen, the rate at which each should be added to a diet will be

determined by their respective dilution rates (11- 1 ) in the rumen. The greater proportion of

calcium ions in the rumen will be in solution. Given that the transfer of calcium across the

rumen wall is small compared to the concentration of calcium ion in rumen fluid calcium

ion will predominantly leave the rumen with the fluid fraction (see sect. 3.1.1). The

dilution rate of calcium ions in the rumen should therefore approximate that of rumen fluid.

Most of the long chain fatty acids derived from cottonseed oil will attach to feed particles

and bacteria (Harfoot et al. 1974). The dilution rate of the long chain fatty acid will

therefore be intermediate to that of the fluid and particle fractions and slower than that of

calcium ion.

It seems reasonable to assume then that the outflow rate of both calcium ion

and long chain fatty acid from the rumen will follow first order kinetic processes, i.e., at

constant rate of inflow (Re) to the rumen their rate of outflow (Rout) is proportional to their

concentration (C) so that

Rout = a.0

where 'a' is the dilution rate of the calcium or long chain fatty acid. At equilibrium Rout =

Rin. Where the two compounds have different dilution rates then the rate at which each

should enter the rumen must be adjusted if an equivalent concentration of each is to be

maintained in the rumen. The rate of inclusion of calcium (Rca) in an animals diet will then

be

RCa aCiaLCFA.RLCFA
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where RLCFA is the rate of inclusion of ions chain fatty acid in the animals diet.

Waybright and Varga (1991) and Dewhurst and Webster (1992) observed the

dilution rate of rumen fluid in wethers to range from 0.029 to 0.078 and dilution rate of hay

particles in the rumen to range from 0.023 to 0.029 depending on rumen fill, which was

varied using water filled bags and animal size which was varied by altering the plane of

nutrition of the animal. Using the extreme values of the solid and liquid dilution rates

within a treatment group drawn from either study, the ratio a in__CI.CFA varied from 1.7 to 3.4.

The rate of inclusion of calcium hydroxide to LCFA found to be effective in this study falls

within this range.

While including calcium hydroxide at 3 times the stoichiometric rate of

supplemental long chain fatty acid was effective in the studies reported in this thesis, a

response relationship was not established. Rates of inclusion lower than used here may

then be more or less effective. Different production systems, particularly with respect to

animal species, age, size and level of productivity may also benefit from different rates of

inclusion of calcium hydroxide with cottonseed oil or other fat or oil. It is also possible

that a mixture of inorganic calcium salts, eg., calcium hydroxide with calcium sulphate

and/or calcium orthophosphate, may be more effective than calcium hydroxide alone,

particularly where minerals such as S or P may be limiting for rumen microorganisms or

the animal.

10.5.	 Digestion and flow of microbial cells in response to
supplementation with cottonseed oil and calcium hydroxide

As an animal's requirement for calcium was satisfied prior to inclusion of

calcium hydroxide in a diet this supplement probably had no nutritive value for the animal.

The increase in an animal's in dry matter intake in response to this supplement is probably

due to an increase in the digestion of the diet in the rumen and over the whole tract (Table

10.2). The increase in the concentration of the total VFA also suggests that the rate of

fermentative digestion of the diet was higher in an animal supplemented with calcium

hydroxide compared to the unsupplemented animal and support this hypothesis (Leng

1970). The studies reported in Chapters 6 and 9 showed that the rumen in Sacco and whole

tract digestibility of organic matter increased on inclusion of calcium hydroxide in a diet.

Supplementation with calcium hydroxide was also shown to maintain rumen fluid pH

above 6.2 (6.2 to 6.35) and increase the concentration of total soluble calcium in rumen

fluid (see tables 6.3, 8.2 and 9.2). Values of pH of 6.2 to 6.8 are associated with maximal

rates of digestion of plant fibre and the production of microbial cells in the rumen while the

rate at which plant fibre is digested is substantially reduced as rumen fluid pH falls below 6

(Hoover et al. 1984, Hoover 1986). Calcium is also involved in the attachment process of
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most species of rumen fibrolytic bacteria where it acts as a ligand between the bacterial cell

coat and plant fibre (Marshall et al. 1971, Costerton et al. 1978, Latham et al. 1978,

Vandevivere and Kirchman 1993). The amount of calcium adhering to plant fibre or

bacteria decreases with decreasing pH as protons exchange with calcium ion (Torre et al.

1992). A decrease in rumen fluid pH or the concentration of calcium ion in rumen fluid is

therefore associated with a reduction in the numbers of bacteria adhering to plant fibre or

other surfaces (Marshall et al. 1971). As attachment of bacteria to plant fibre is recognised

as a prerequisite to its digestion (Mackie and White 1990) supplementing a diet with

calcium hydroxide could increase the rate of digestibility of plant fibre by improving either

the concentration of calcium in rumen fluid, rumen fluid pH or both.

An increase in the rate of fermentative digestion of a diet and an increase in the

amount of ruminally fermentable organic matter entering the rumen should be associated

with an increase in the numbers of microbial cells leaving the rumen (Czerkawski 1986,

pp. 127-150). Purine derivative excretion per unit of organic matter fermented in the

rumen, which is a measure of the numbers of microbial cells leaving the rumen in response

to the amount of organic matter fermented (Dewhurst and Webster 1992), was however

reduced on inclusion of calcium hydroxide in an animal's diet. The production of

microbial cells per unit of organic matter intake was therefore less efficient. The ratio of

microbial protein to metabolisable energy in digesta would therefore also be reduced.

Supplementation of an animal with calcium hydroxide however produced a

22% (NS) increase in amount of eye muscle and a 33% increase in the amount of

subcutaneous fatty tissue in the carcass compared to sheep fed the basal diet. While the

increase in rate of gain of eye muscle in an animal fed this supplement suggests that protein

was deposited in the carcass at a greater rate, wool growth decreased when this supplement

was included with cottonseed meal. As wool growth is sensitive to the flow of amino acids

from the rumen it likely that the flow of microbial protein from the rumen was not

increased in response to supplementing an animal with calcium hydroxide (Langlands et al.

1969, Reis et al. 1972, Black et al. 1973, Bird 1987). Fat and water with minerals also

contribute to muscle mass to a varying degree (Lawrie 1979). The increase in the rate of

gain of eye muscle in response to calcium hydroxide may then result from an increase in

the rate of deposition of fat and/or water and minerals rather than from a significant

increase in the rate of deposition of protein.

Supplementation of an animal with cottonseed oil reduced the in sacco and

whole tract organic matter digestibility of that diet and this was associated with a reduction

in the concentration of free ionised calcium (Ca' .12H 20) in rumen fluid. These findings

are in agreement with those of Bird and Dicko (1987). As both the total and fibrolytic
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bacterial numbers were not significantly reduced by inclusion of cottonseed oil in the diet it

is possible that the activity of their fibrolytic enzymes rather than a significant reduction in

the amount of enzyme in the rumen was responsible for a reduction in the rate of digestion

of the diet in the rumen (Sutton et al. 1983). Some species of rumen fibrolytic bacteria and

probably the anaerobic rumen fungi have a requirement for calcium ion to maintain the

stability and activity of their fibrolytic enzymes (Coughlin 1991). While the concentration

of calcium needed for these processes has not been determined in vivo, it has been

measured for some isolated celluloytic enzymes. One cellulase isolated from a non rumen

fibrolytic bacteria (Clostridium thermocellum) was observed to have no celluloytic activity

at a concentration of calcium ion of 0.1mM with activity increasing to 100% at 1mM

(Morag et al. 1991). The range of calcium ion concentration of 0.1 to 1mM represents that

of soluble calcium so that the concentration of free ionised calcium will be less than this

amount (Ole Siggaard-Anderson et al. 1983). While actual values of free ionised calcium

were not reported in the study by Morag et al. (1991) the buffer solution used by these

workers suggests a coefficient for calcium activity, i.e., the ratio of free ionised to total

soluble calcium, of 0.3 to 0.5 (Ole Siggaard-Anderson et al. 1983). This gives a free

ionised calcium concentration over the range of enzyme activity reported by Morag et al.

(1991) of 0.03 to 0.5mM which approximates the range of values observed on including

cottonseed oil and cottonseed oil with calcium hydroxide in a diet.

As calcium ion is required both for the fermentation of plant fibre and for the

prevention of a toxic action of long chain fatty acid against rumen fibrolytic

microorganisms a deficiency of calcium would produce effects similar to those ascribed to

long chain fatty acids alone. There is therefore no way of attributing a reduction in the

capacity of the rumen to ferment plant fibre as being entirely due to a toxic effect of

cottonseed oil long chain fatty acids, entirely due to a deficiency of free ionised calcium for

microbial function or to both effects. Under the conditions of produced in this study a

reduction in the concentration of free ionised calcium may have been just as detrimental to

the rate of fermentation of dry matter in the rumen as a toxic effect of cottonseed oil long

chain fatty acids on rumen bacteria.

Supplementing an animal with cottonseed oil did not increase its rate of

liveweight gain. This indicates that the expected increase in the metabolisable energy

intake of an animal fed this supplement was largely offset by the reduction in the amount

of organic matter fermented in the rumen. Cottonseed oil produced a (NS) reduction in the

flow of microbial cells per unit of organic matter intake in a animal's on restricted feed

intakes. However, this treatment did not affect the rate of growth of greasy wool or rate of

gain of eye muscle when offered as part of a diet fed at unrestricted intake. This suggests

that cottonseed oil had no effect on the flow of microbial cells from the rumen even though
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the amount of ruminally fermentable organic matter consumed decreased. This suggests

that the amount of microbial cells leaving the rumen also decreased. This was not detected

as an increase in the amount of purine derivatives excreted per unit of ruminally digested

organic matter so that the efficiency of production of microbial crude protein in the rumen

has not increased. The efficiency of use absorbed amino acids by the animal may have

increased.

Supplementing an animal with both calcium hydroxide and cottonseed oil

reduced purine derivative excretion per unit of ruminally digested organic matter. These

supplements had no effect on the rate of growth of greasy wool or rate of gain of eye

muscle but produced a 140% increase in the rate of deposition of carcass fat compared to

animals given no CSO. The increase intake of ruminally fermentable organic matter in

response to supplementing an animal with both supplements was therefore able to

compensate for a reduction in the efficiency of production of microbial cells so that the

flow of microbial protein from the rumen was unaffected. The ratio of amino acids to

metabolisable energy in digesta was therefore reduced and may have been suboptimal for

lean tissue gain. The increase in the animals metabolisable energy intake in response to

these supplements was therefore largely directed at the deposition of fatty tissue.

10.6.	 Cost benefits to feeding whole cottonseed and calcium
hydroxide

An analysis was performed to compare the cost of purchasing a supplement or

supplementary regime with the productive return to feeding that supplement or

supplementary regime based on data reported in Chapters 7 and 8.

The analysis assumed:

i) a fixed quantity of the basal diet used in the earlier studies was available;

ii) the quantity of the basal diet was set by the intake requirement of
unsupplemented animals growing from 20 to 40kg;

iii) the number of animals will be adjusted so as to utilise all of the basal diet
(equivalent to increasing stocking rate to fully utilise a pasture resource);

iv) growth rates and feed conversion ratios reported in chapters 7 and 8 would
apply;

v) prices of supplements were current as of September 1997 (Figure 10.2);

vi) there is no cost involved in feeding the supplement; and

vii) a blended whole cottonseed/calcium hydroxide feed product will cost the same
as feeding the ingredients separately.

Feeding calcium hydroxide provided a high return for every dollar invested in

supplement with the break-even price of $0.29/kg liveweight well below the current price
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of lamb around $0.90/kg liveweight (Table 10.3). Further benefits to using calcium

hydroxide may accrue where faster rates of liveweight gain result in an animal reaching

saleable weight 13% earlier than an unsupplemented animal (see Table 10.4). The total

return to using calcium hydroxide is however limited by its low level of inclusion (2%) in

the animal's diet.

With the return for lamb currently around $0.90/kg liveweight it is uneconomic

to supplement animals with any cottonseed-based product at the level of inclusion used

here. Of the cottonseed based supplements examined, whole cottonseed + calcium

hydroxide produced the best return and had the lowest break even price, i.e., the lowest

return required on extra production to cover the costs of the supplement (Table 10.3).

While the financial return to feeding whole cottonseed ± calcium hydroxide is marginal

sufficient financial benefit may accrue in bringing a supplemented animal to saleable

liveweight 33% earlier than unsupplemented animal to make it worth while to use this

supplement (see Table 10.4). As no response relationship was established for any

supplement a different level of inclusion of a supplement may however be more cost

effective than indicated here.

Figure 10.2. Cost of supplements.

Supplement	 'Cost ($/tonne)

Slaked lime (93% Ca(OH)2)
	

140

Cottonseed oil
	

750

Cottonseed meal
	

250

Whole cottonseed
	

180

1. Prices were current at September 1997 for the supplement supplied to Moree, Australia.

Figure 10.3. The return that would be required from the extra production accruing to use of a
supplement that would offset the cost of purchasing the supplement.

Break Even Price ($/kg Liveweight)

Calcium	 Basal
	

CSO	 CSM	 WCS	 CSM + CSO

0%
	

1.12	 0.98	 2.06

2°A
	

0.29
	

2.19	 1.19
	

0.97	 2.16

Table 10.4. The relative time for lambs supplemented with cottonseed oil, cottonseed meal and
whole cottonseed with or without calcium hydroxide to reach 35kg liveweight relative
to the control (basal diet = 100).

Relative time on feed (days)

Calcium	 Basal
	

CSO	 CSM	 WCS	 CSM + CSO

0% 100 104 77 79 86

2% 87 81 78 67 68

147



10.7.	 The production of a whole cottonseed based feed product

Fuzzy white cottonseed, i.e., cottonseed with the linters attached, is the whole

cottonseed product currently available to Australian livestock producers. It will not flow in

feed handling and storage equipment and has a bulk density lower than commonly used

feed grains (see Table 10.5). It therefore requires bulk handling, such as by shovel or

front-end loader, cannot be stored in silos and occupies around 2.7 times the volume of its

equivalent weight in wheat.

Table 10.5. Bulk density of some grains and whole cottonseed.

1 Bulk Density (Kg/m3)

Wheat 750

Barley 620

Oats 450

Whole cottonseed 280

1. Agfacts (1989) except for whole cottonseed which was reported by Sullivan et al. (1993)

The processing applied to whole cottonseed in this study included:

i) milling;

ii) addition of calcium hydroxide;

iii) addition of minerals, as appropriate to balance the animals mineral intake;

iv) addition of water to act as a binding agent;

and produced a coarse meal that flowed in standard grain augers and had a bulk density of

around 800kg/m 3 . This is around 3 times the bulk density of fuzzy white cottonseed and

resulted in product with handling and storage characteristics similar to feed grains. A

commercial process could further incorporate:

i) pelleting to reduce dust and separation of ingredients;

ii) other feed ingredients, eg., cottonseed hulls or cereal grain; and

iii) drying.

Using this methodology a feed product could be manufactured to overcome the

problems of storage, handling and transport associated with whole cottonseed while the

nutrient content of the product could be modified to meet the specific requirements of a

livestock production system. A reduction in the costs associated with transport, handling

and storage may offset some or all of the cost of processing.

Dust from this product contained calcium hydroxide which is an irritant on

contact with skin, eyes and respiratory passages. Protective clothing, safety glasses and

dust masks were worn during mixing and handling of this supplement. Similar protective
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clothing would be required during mixing and handling of a commercially product

containing calcium hydroxide. Sheep consumed whole cottonseed and calcium hydroxide

as the processed product at up to 30% and 2.1% of diet dry matter respectively and at a

level of intake 0.25 higher than an unsupplemented animal. This suggests that the product

was acceptably palatable to the animal and health problems to experimental animals, if

any, remained sub clinical.
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