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Objectives of the ReQort

(i)a. To identify and quantify the major factors responsible for decreasing the
nutritive value of different species and varieties of sorghum and millet crop
residues.

(ii) To quantify the effects of environment on the nutritive value of cereal crop
residues.

To carry out feeding trials involving growth and metabolism studies to
evaluate improved selected varieties of sorghum and millet for feeding
ruminants.

b (i) To assess the effects of traditional methods of storage and utilisation on the
phenolic content of sorghum stover.

To study the phenolic content of sorghum stover during the last few weeks
of grain maturation using contrasting varieties.

Objectives a(i), a(ii) and a(iii) are from the original contract, (Section 8a) with a(i)

being narrowed from the original to include only sorghum and millet residues. Objectives

b(i) and b(ii) were added as a six months extension to the programme and covered the

period from October 1990 until March 1991.



Work carried out in this period2

The complex mixtures of phenolic compounds found in extracts from sorghum

samples were poorly separated by existing high pressure liquid chromatography (HPLC).

Some considerable time at the beginning of the contract was therefore committed to the

development of more satisfactory analytical methods. The use of counter current

chromatography (CCC) with existing HPLC procedures, post column derivatisation and

diodearray detection markedly increased our ability to separate and identify phenolic

components,

The amounts of phenolic compounds and their distribution through sorghum plant

components (ie leaf blade, leaf sheath, stem) was examined in a number of experiments,

Particular attention was paid to differences between sorghum varieties of both bird and non-

The effects of environment. on the production and accumulation ofbird resistant types.

phenolics was followed in some experiments involving a number of different varieties and

Other factors potentially influencing phenolic content offour different growing sites.

sorghum which were also examined were time of harvesting (or utilising) the stovers, and

the effect of period of storage between harvesting and feeding.

Relationships between the phenolic contents of sorghum stover and its nutritional

.
other plant components and near infra red (NIR) spectral analysis. The toxicity of phenolic

extracts to rumen bacteria was examined together with their effects on rumen microbial

fennentation characteristics. New methods were also developed for both these aspects of

the work.



between bird and non-bird resistant types. These production type experiments were

extended to sheep and to goats and were enlarged to incorporate feeding strategy work.

These included the amount of feed offered and the physical form of the feed.

The chemical composition and nutritional value (assessed by in vitro techniques) of

a number of African and Indian varieties of millet were assessed. The content of phenolic

compounds found in these samples was very low.



3.

A.

Ethiopia)

.~ Main findings were:

also detected.



The composition of phenolics was clearly different between leaf blades and leaf

sheaths. The phenolic content of leaf sheaths from bird resistant and non-bird resistant

varieties were also different.

Biosynthesis of flavonoids appears to diverge at the flavanone/dihydroflavonol stage

between bird resistant and non-bird resistant varieties

Several negative correlations were found between HPLC peaks and in vitro

digestibilities. These were highly significant with butin and significant with severa1luteolin

Butin in turn was highly negativelyderivatives but only with one apigenin derivative.

correlated with colorimetric measurements of 3-desoxyanthocyanidins. This may suggest

that butin rather than 3-desoxyanthocyanidins (as earlier reported) is implicated in reducing

dry matter digestibility.

Near Infra Red Soectroscoov (NIRS) of Sorg:hum Croo Residues2.

Sorghum leaf blade and leaf sheath which had been analysed for phenolic

components and in vitro digestibility were analysed by NIRS. Differences between averaged

NIRS demonstrates thatbird resistant and non-bird resistant spectra are shown in Fig 1.

leaf blades and sheaths of bird resistant varieties contain more phenolic than non-bird

a characteristically shaped difference peak occurs at 1664nm,resistant varieties:

Detrended spectra of several phenolic standard compounds also give similarly shaped broad

.
peaks between 1638 and 1674 nIn., indicative of the presence of polypheno1ic compounds

(con.densed tannins). The multiple correlations between various phenolic parameters and

shows that extractableNIR spectra were assessed by regression analysis. Table I

phenolics from leaf blades and sheaths, which absorb at 280nm (A280) are very well

explained. For leaf sheaths the correlograms of lignin, NDFD and in vitro digestibilities
1
!

with NIR spectra clearly demonstrated that the more lignified plant materials are less
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the assessment of the effect of all phenolics on residue digestibility. Amounts of ground

substrates were mixed with 90ml of growth medium in gas-tight anaerobic culture bottles

(5 replicates). Each bottle was inoculated with lOml of strained rumen contents and

fermented for 5 days at 39°C. A pressure transducer with LED digital readout meter was

used during incubations to monitor the accumulation of fennentation gases in culture

bottles. The transducer was connected via a three-way syringe valve to a syringe needle

and a plastic syringe. Gas pressures was read from the LED meter after insertIng the

syringe needle through the bottle closure. Corresponding gas volumes were determined by

withdrawing the syringe plunger until pressure in the culture bottle had returned to ambient

as shown by the display unit Following measurement, the transducer assembly was

withdrawn from the culture bottle and the displaced gas was discarded. Pressures and

volumes were recorded at 3 to 24h intervals during a 12Gh fermentation period, with more

Gas volumes from individualfrequent readings during the initial 40h of incubation.

cultures were plotted against corresponding gas pressures and the data subjected to

regression analysis (Fig. 4) Cumulative gas production was then determined by summation

of predicted (regression corrected) gas volumes from replicate cultures (Fig. 5) a two-pool

model of the general from

Y = A[exp (-kIt) -1] + B[exp (-k2t) -1]

was used to fit data points and produce the solid lines shown in Fig. 5. From this

equation, values for the rate constants kl and k2 (both per h) and pool size parameters (A

This procedure has been applied to leaf blade, leaf sheathand B) could be detennined.

and stem fractions of bird-resistant and non-bird resistant varieties of sorghum which

differed in their polyphenolic chemistry. Digestion studies have been carried out with crop

residues before and after the removal of soluble polyphenolics enabling the partitioning of
I

!
effects. The effects of type and amount of nitrogen availability has also been shown to be



of importance (Fig.6) and has also been investigated by the new procedure. Whilst the

actual practical experimentation has been completed. data processing is still progressing.

This material will be reported in a Supplementary Report as soon as possible.



B.

Cereal CrOD Residues

(1. MEULLER-HARVEY; M S DHANOA, A B McALLAN, IGER, Hurley;
J D REED, ILCA, Ethiopia)

HPLC -Fin2erorints and ResDonses to Different Environments.

Earlier work on environmental effects has been reported (Progress Report Oct. 1987

-Oct. 1989) which has been extended and is further reported here. Sorghum crop residues

(14 varieties) were harvested at grain maturity from two matched varietal trials conducted

at Melkasa (elevation 1500 m) and Debre Zeit (elevation 1900m) and from other marked

trials at Melkasa and Duckarn (elevation 1900m). Full results and details of the

methodology and experimentation for this work is presented in Appendix B6 as a typescript
;.
'i

submitted for publication. In brief the main fmdings were:-

Environment had greater effects on phenolic composition than plant variety. Some

effects were however, due to variety

Most varieties seemed to give a strong environment x genotype interactions however,

the phenolic compositions of two bird resistant varieties were more ~table in different

enviro.nments.

Differences between bird resistant and non-bird resistant varieties were clearly

expressed in leaf phenolics at some but not all sites. All varieties had similar stem

phenolics.

A strategy is suggested to be used in breeding programmes for the selection of bird

resistant varieties with improved digestibilities.



Effect of Harvestin of Different Sta es of Growth and Lon Term Stora e on the
,rhenolic Comoosition in SOfQ;hum Stover

c.

(K. KHAZAAL; I MUELLER-HARVEY; A.B.McALLAN- IGER, Hurley; ELK
OSAFO;E. OWEN -Reading University; A N SAID -ILCA Ethiopia)

~ackground

before feeding. It is essential to know if either practice has any effect on the phenolic

content of the plant and hence on its nutritional value.

ExDerimental

Three bird-resistant varieties of sorghum (Seredo, X/35;24, and lkinyaruka and one

non-bird resistant variety (Melkarnesh) were grown in Ethiopia, elevation 1500m. Samples

harvest. Plots were triplicated for all varieties. Harvested leaves were fractionated into leaf

blade (LB) and leaf sheath (LS) which were air dried and ground to pass a Imm sieve.

Phenolics were solvent extracted and analysed on HPLC using standard methods.

Generally, and in line with previous studies, there were large differences in the

shape of the chromatograms (composition and concentration) between LB and LS of each

of the sorghum varieties used. The difference between varieties appe~ed to

be gre~ter in LS than in LB (Figs. 7 & 8). From the chromatograms of x/35;24 or Serado

can be seen that large differences exist between the 50 %varieties (Figs. 7 & 8) it

case of LS of x/35;24 at 50% flowering stage an as yet unidentified (25min. elution time)

whereas in the blackpeak and luteolin (33min. elution time) were the strongest peaks,



(18 min. elution time) were the strongest. In LS of Seredo (Fig. 8) the concentrations of

luteolinidin and apigenidin 14-15 min. elution time) were greatest and luteolin fell to a

smaller peak at the 50 % flowering stage. However luteolinidin and apigenidin peaks

became smaller than that of luteolin at the black layer and full harvest stages,

In LB of x/35;24 and Seredo, luteolin -7-0 glucoside was the major compound at

all stages of growth There was however, a difference in peak distribution between the

50% flowering stage and the other harvesting stages. The differences could be seen where

several peaks (12-16 mins. elution time) (corresponding to caffeic acid or flavones) became

smaller (Seredo) or disappeared altogether (x/35 ;24) at the black layer or full harvest

stages.

Storage of the samples at room temperature (15°C) for three months after full

harvesting did not appear to influence the phenolic content or composition of either LS

(Fig. 9) or LB. (Fig. 10)

Conclusions

Sorghum leaves and sheaths harvested for ruminant feeding before the plants

reached the black layer stage may be of different (reduced ?) nutritional quality compared

with those harvested at later stages.

Storage of leaf blade or leaf sheath fractions from different varieties of sorghum

plants did not influence the content of phenolic components.

There is still a considerableN.B. These data are largely qualitative at the moment.

amount of data processing required before the material will be suitable for publication.



Feeding and Growth Trials with Different Sorghum Residues

A A a Aboud, ELK asafo, E Owen, Reading University/ILCA;

A N Said. J D Reed, ILCA; A B McAllan, IGER

~ack2round

Farmers in Ethiopia and other African countries are being encouraged to plant new

varieties of sorghum which are more bird-resistant than traditional varieties. Unfortunately

bird-resistant varieties are known to contain polyphenolic compounds which may have

To investigate this the following seriesadverse effects on intake and digestion of stover.

of experiments were performed.

Effect of Stoyer Variety and Amount Offered on Growth. Intake and Selection1.

EttIiopian Lowland rams, approximately 15 months of age were used. Experiment

la used 48 individually-fed rams and six treatments in a 3 x 2 factorial randomised-block

Each animal was fed lOOg/day of decorticated cottonseed meal (DCSM),
design.

varieties of sorghum stover; these were Melkamash, a non bird resistant variety, and MW

Stovers were crudely chopped and offered twice daily,5020, a bird resistant variety.

Measurements

made were feed intake and faeces output.







Conclusion§

The data offer

same time provide residues for other purpose:; such as fuel.

3

In

goats and sheep when offered increasing ad libitum quantities of sorghum stover.

month before use. Twenty four Galla buck g:oats (11-13 months old) and twenty four

days the experimental period continued for a further 75 days in a 2 x 3 factorial design with

8 replicates. Both goats and sheep were individually penned and fed 155g cottonseed cake

dry matter/animal/day and offered one of three ad libitum amounts of sorghum stover (25

50 or 75g/kg LW/d). Water and salt lick were~ available ad libitum throughout. Animals

were weighed weekly and amounts of stover offered and refused were recorded daily.

Samples of offered and refused stover were fractionated into leaf blade, leaf sheath and

stem in order to assess selectivity.

For the parameters intake and growth there were no significant (p<O.O5)

interactions between species and amount of stover offered. Main effect means are shown

in Tables. Ram growth rates (Table 8) were more than twice those of the bucks but mature
1
!

weight differences (sheep 27-32kg; goats 18-26jkg) would contribute to this. Both species



contributed similarly (c.f. absence of significanlt interaction) in that intake and growth rate

increased with increasing amounts of stover ,offered (Table 9). The largest response

occurred to increasing the amount of stover offered from 25 to 50g/kg LW/d. The

composition (g/kg) of the stover offered was le~lf blade, 84; leaf sheath. 237; stem. 616.

Mean leaf content (g/kg) of refusals from the 25, 50 and 75 offer rates were; goats, 1, 2,

5; sheep, 0.1, 0.5,12. Leaf sheath contents oJrrefusal were; goats, 40,67,113; sheep

29,60,145 Both sheep and goats selected for leaf blade and leaf sheath.

Conclusions

The results indicated that both goats and sheep are capable of selective feeding

leading to increased intake and growth when thc~y are offered increasing ad libitum amounts

of chopped sorghum stover. For the genotyp~:s used, the growth rate of the sheep was

more than double that of the goats.





These differences were reflected in

different morphological components of the millets. Variation in the range of a particular

variation in stem.

digestibility of the stem was about seven percentage units, similar to that found for NDF

earlier. Examination of the most and least digestible components of some varieties by post

column derivitisation and by high pressure liquid chromatography showed only very low

to be less than that of sorghum residues

The number of varieties used in the present studies was quite large. However, there
.~

were insufficient numbers of particular types to identify characteristic differences in

digestibility. The range in digestibility of millet crop residues needs to be investigated

further to identify whether plant characteristics such as time to maturation, stover yield,

extent of tillering etc influence crop residue digestibility. Differences in digestibilities in

the present work compared with the earlier data should be, examined further in order to
!

detennine whether these are due to varietal or environmental effects.



Table 1 CORRELATIONS BETWEEN PHENOLIC PARAMETERS AND NIR SPECTRA

Leaf sheaths

R2

Leaf blades

R2

0.62Digestible NDF

0.59In vitro digestibility

0.72Lignin
0.93

0.78

Phenolics. AlSO

Insoluble red pigments

0.83 0.93Nitrogen
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Varieties of Millets Used10

~Qt. No.
1.
2.
3.
4.
5.
6.
7.

Category
High Tillering hybrid
Open-pollinated with high stover yield
Open-pollinated, low stover yield, low tillering
High yielding, moderate tillering
High yielding, high tillering
High yielding, low tillering
)

~
BJ 104
WC-C75
ICTP 8203
ICMH 451
ICMH 423
MBH liD
15P Syn Fodder

LandracesRAJ 11

8.

) Rajasthan varieties.

)
) and topcrosses

)
)

MDH 86019.

.10 Desert type

Chadi
)
)11.

12.
13.
14.
15.
16.
18.
19.20.

21.

Ex BORNU
Ex BORNU (d2)
NCCI
NC(d2)
UUJ IVM
ICMN 85410
ICMV 87901
ICMH 87951
ICMV 821132 .9J.a"

22.
23.
24.
25.

MCC8
ICMH 85109
ICMP 88905
ICMV 87913

African Tall
Dwarf version of above

Nigerian composite
Dwarf version of above
Indian fodder variety
Very early dwarf hybrid, high tillering

Very early improved variety
Topcross of ICMV 8790 I on 843A
Open pollinating variety with very high

yield
Composite with excellent phenotype for stover

Rust resistant hybrid
Diverse ICRISA T material
Diverse ICRISAT material
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Figure legends

Differences between average bird resistant and non-bird resistant spectra. Leaf blade ).
leaf sheath )

Correlograrns of (a) lignin, (b) NDFD and (c) in vitro digestibilities with NIR spectra.

Correlograms of extractable phenolics absorbing at (a) 280 nm and (b) 550nm and (c) neutral

detergent insoluble red pigments with NIR spectra.

~
Fig 4. Regression analysis of head-space gas volume versus gas pressure.

Fig 5. Cumulative gas production with sorghum stem as substrate

,Fig. 6 Effects of polyphenolics from Acacia nilotica on the growth of Streptococcus bovis at different

concentrations of organic nitrogen. (A) no organic nitrogen, (B) half the amount of yeast

extract-and trypticase, (C) full amount of yeast extract and trypticase with ( ) no polyphenolcs

) plus poly phenolics extracted from 4.2 mg of leaf; (added; ) plus polyphenolics(

extracted from 5.6 mg of leaf.

Chromatograms (HPLC) of aqueous acetone extracts from leaf blade or leaf sheath fractionsFig 7.

of the Ethiopian sorghum variety x/35:24 at different growth stages,

Chromatograms (HPLC) of aqueous acetone extracts from leaf blade or leaf sheath fractionsFig 8.

of the Ethiopian sorghum variety Seredo at different growth stages.

Chromatograms (HPLC)of aqueous acetone extracts from leaf sheath fractions of the EthiopianFig. 9

sorghum varieties x/35:24; Seredo; Dinkamash and lkinyaruka at harvest and three months

after storage.

Chromatograms (HPLC) of aqueous acetone extracts from leaf blade fractions of the EthiopianFig 10.

sorghum varieties x/35:24; Seredo; Dinkamash and lkinyaruka at harvest and three months

after storage.

A definition of terms used in the in vitro digestibility assay.
I

1
Fig 11.
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Irnolications of the results or findinlZs for achievinlZ the objectives4.

of the Dfoiect

The basic objectives to define anti-nutritional components in sorghum have been

This is partly as a result of the complexity of theachieved to a limited extent.

polyphenolics in sorghum and the need to extend existing and develop new methods of

The success in actually identifying singleanalytical separation and identification.

compounds (e.g. Butin) as having anti-nutritional properties gives plant breeders more

specific objectives in attempting to improve the nutritional quality of sorghum stover by

Further work should be able to establish the principal chemical
breeding techniques.

components of sorghum poly phenolics having the greatest anti-nutritional properties. The

relationship established between chromatographic peaks separated by the complex

procedures of HPLC, the relatively more easily obtainable NIR spectra and nutritional

The identification of environmental and varietal effects on anti-nutritional factors

means that some advice can be given to farmers on selection for best stover quality.

However, at the moment, this knowledge covers only a limited number of varieties and

sites. Using the infonnation in this report, further studies should be undertaken and other

varieties and sites but also including effects on grain yield and stover yield. A survey

The equivocal effects observed in vitro with varieties high in polyphenolics suggest



composition of different varieties is important and this aspect could perhaps be incorporated

with further varietal and environmental research suggested above. Increased intakes with

increasing amounts on offer, particularly on high poly phenolic containing varieties was an

unexpected but important finding and needs further investigation. Preliminary data (not

in the report but to follow) indicate that cattle do not have the selection ability of sheep or

goats and sequence feeding of sheep/goats with refusals fed to cattle could be economically

important. Other feeding strategies such as supplementation with nitrogen, frequency of

feeding may also influence stover utilisation. The objectives looking at the stage of growth

and effects of storage on the polyphenolic content of maize stover were fully achieved and

preclude the need for further work in this area.

It has been established that the levels of poly phenolic compounds in millet stover

are too low to account for its poor nutritional value and other factors must be responsible.

These factors were not established in this work but it has been shown that millet stover in

vitro digestibility can be quite variable and needs further examination. No production trials

were carried out with millet varieties but if these are considered for future work, the

feeding strategies used for sorghum could be a very appropriate starting point.



Priority tasks for follow UP

5.

a) One full refereed paper, two review articles, three abstracts and one PhD

thesis have already been published.

b) Two presentations have been made to the British Society of Animal

Production (BSAP) (March 1991) and will be published soon as abstracts

Two full papers have been submitted for consideration for publication in the

Journal 

of Science and Food Chemistry (one of which has recently been

accepted) and another invited review on polyphenolics and nutrition is in

press. Seven (7) abstracts have been accepted for presentation at the BSAP

symposium on "Animal Production in Developing Countries" to be held at

This meeting will be attended by nutritionistsWye College in September.

and extension service personnel from developing countries. The proceedings

will be widely circulated and the infIrmation well disseminated.

A further interpretation of the results than is presented here is still underwayc)

and will lead to the submission of at least three more papers to refereed

Further presentations at national and international meetings arejournals.

planned.

I



Publication list=d)

Published PaDers

Theodorou, M K, and Beever D.E. (1988)Mueller-Harvey, I., McAllan, A. B.1.
Phenolics in fibrous crop residues and plants and their effects on the digestion and

utilisation of carbohydrates and proteins in ruminants. In: Reed J.D., Capper,

Plant breeding and the nutritive value of crop residues,
and Neate P .J.(Eds).

ICLA, Addis Ababa. pp 97-132.

2.

residues.

France.

1988. (Abstract)

3.

88-109.

Feeding sorghum
4

intake and selection. Animal Production 50, 593. (Abstract)

Brussels.Third International Conference on Near Infrared Spectroscopy.In:residues.

Belgium. 25-29 June.



Mueller-Harvey, I. and Blackwell, P.M.S. (1991). An improved HPLC post-column6.

derivitisation procedure for the UV -Vis spectroscopic characterisation of phenolic

compounds. Phytochemical Analysis 2, 38-42

Aboud, A.A.D. (1991). Strategies for the Utilization of Sorghum Stover as Feed7

for Cattle, Sheep and Goats. PhD Thesis, University of Reading.

PaDers 'in Dress' tvDescriDts of which aDDear in the ADPendix

asaro, E.L.K., Owen, E., Aboud, A.A.O., Said, A.N., Gill, E.M. & McAllan, A.B.1

Effect of chopping andFeeding sorghum stover to Ethiopian sheep:1991).

amount offered on growth, intake and selection. Anim. Prod. (in press).

Aboud, A.A.O., Owen, E., Reed, J.D., Said, A.N. & McAllan, A.B. (1991) Feeding

2.

An improved post columnMueller Harvey, I. and Blackwell, P.M.S. (1991).3.

derivitisation procedure using shift reagents for the UV -Vis spectroscopy of

XVth International conference Groupephenolic compounds in plant extracts.

Universite Louis Pasteur. Strasbourg. France 9-11 July.
Polyphenols.

4.

Tannins -their biochemistry andMueller-Harvey, I. and McAllan, A.B. (1991).5.

Morrison, ed). JAI Press Ltd., London. (in press).



6 Mueller-Harvey, I. and Dhanoa, M.S. (1991). Cluster analysis of HPLC-

chromatograms to describe varietal differences between sorghum crop residues and

their responses to different sites J. Sci. Food Agric. (in press).

7. Mueller-Harvey. I and Reed, j,D (1991). Phenolic compounds and their

relationship to in vitro digestibility of sorghum leaves from bird and non-bird

resistant varieties. J. Sci. Food Agric. (in press).

Pagers to be gresented at BSAP Meeting on Animal Production in

Deve.looing Coountries. Wve College. Seotember 1991

Theodorou, M.K., Williams, B.A. & McAllan A.B. (1991). The use of head space gas

pressure in batch cultures to aid the detennination of the nutritive value of sorghum

crop residues.

Variations in the phenolicMueller-Harvey, 1., Dhanoa, M.S. & McAllan, A.B. (1991)

differences.

resistant varieties,

the phenolic composition of sorghum stover.



Osafo, E.L.K., Owen, E.. Said, A.N., Gill, E.M. & McAllan, A.B. (1991). Feeding

sorghum stover to Ethiopian sheep and cattle: Effect of chopping and amount

offered on intake and selection.

Aboud, A.A.O.. Owen. E., Reed, J.D.. Said. A.N. & McAllan, A.B. (1991). Feeding

sorghum stover to Ethiopian goats and sheep: Effects of amount offered on intake,

selection and perfonnance.




	FTR R4338
	Contents
	Objectives of the report
	Work carried out in this period
	Results of findings obtained by the project



