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ABSTRACT

Phenolic compounds in leaves and stems from different sorghum

varieties grown at several sites were analyzed by HPLC. The

chromatograms were subjected to cluster analysis. Environment

had greater on phenolic compositioneffects than variety

However, some differences were also due to varietal effects.

Whilst 

most varieties seemed to give strong

environment 

x

genotype interactions, the phenolic compositions of two bird-

resistant (BR) varieties were more stable in

differentenvironments.

Differences bird- and bird-between non

resistant varieties were clearly expressed in leaf phenolics

at some but not all sites. All varieties had similar stem

phenolics. ,

This type of information is relevant to breeding programmes.

A strategy is suggested for selecting BR-varieties with

improved digestibilities.

Research,l*Present address: AFRC Institute
Shinfield, Reading RG2 9AT, England

of Food
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INTRODUCTION

Sorghum is one of the most important cereals in the semi-arid

tropics and subtropics. It is a dual purpose crop. The grain

is used for human consumption and the crop residue used as

ruminant feed. Crop residues such as sorghum are an important

feed for in developing countriesresource ruminants with

agricultural systems based on smallholder cereal production.

Intensive breeding have resulted in increasedprogranunes

sorghum grain yields but little attention has been paid to

breeding for the nutritional quality of the crop residue. Yet

livestock form a valuable and often vital component of the

farming systems in developing countries. In some instances the

value of livestock products derived through the use of crop

residues exceeds that of grain for human consumption.

attention has been given to natural variation in the nutritive

value of untreated

residues.

work theRecent atcrop
International Livestock Centre for Africa has shown a range

of over 20 units in in vitro digestibility of crop residues

among different varieties of sorghum (Reed gt gl 1988). A

similar range has been reported among varieties of barley

(Lufadeju gt gl1985). Feeding trials have shown significant

differences in nitrogen digestibility among crop residues from

resistant sorqhum

andbird

(NBR)bird

resistant

( BR)

non

~

smallwithin the context of(Aboud g:t .a1.

1990).

varieties
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farms it is desirable identifymore to varieties with
inherently higher digestibilities than to use expensive and

considerable importance (Reed ~ 91 1988).

Sorghum is well known for its ability to synthesise many

different phenolic compounds in large quantities (Butler 1987,

~~~~J compared to other cereals. There is good

suggesting that phenolics of different varieties vary both

qualitatively and quantitatively. An example of a qualitative

difference is that the tannins which occur in BR sorghum grain

evidence

innot

grain.

quantitativeNBR There alsooccur are

differences between BR- and NBR-varieties, for example the

leaves of DR-varieties contain more red pigments than leaves

of NBR-varieties (Reed g.:t.gl- 1987, 1988)

In the last few decades, chemotaxonomy has made extensive use

of phenolic compounds to differentiate amongst plant species

(Harborne 1975). More recently, a small group of phenolics has

been used to identify various cultivars within the same

species,

flavonoids cultivarsin Azalea (Vanfloweri. e.
Sumere g1 g! 1985). These authors employed high performance

liquid chromatography (HPLC) to obtain cultivar specific

'fingerprints'. HPLC is well suited to such taxonomic purposes
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HPLC-fingerprints of extractable phenolics differed greatly

between the three plant fractions, leaf blade, sheath and stem

(Figs 2, 5, 9). It is therefore desirable to analyze plant

fractions separately when investigating phenolic composition

in relation to digestibility. Generally speaking, the smallest

varietal differences were found amongst stem phenolics, and

the largest amongs~ leaf sheath phenolics. Leaves are the most

nutritionally valuable fraction of the residues because 'of

their high

understanding

N-content and

intake.

Therefore a better

influencing phenolicof the factors leaf

composition will of cultivars withassist the development

improved nutritive value.

compositionSeveral affected phenolic of sorghum

varieties,

factors

residues.

additionIn to the effects of

environment also strongly influenced phenolic composition. In

general, environmental effects were very strong on LS-

phenolics but not on LB- and ST-phenolics (Figs 2,5,9). This

means that gene expression of phenolic synthesis is apparently

indifferently affected by the three plantenvironment

fractions.

variety ESIP 21 is a good example to lllustrat~ th~se points.

Its LB-phenolics were distinctly different from those of other

varieties (compare Figs 3 and 4). When this variety was grown

phenolicsites and the(trial A C) LBat different
fingerprints were similar (Fig lOa). However, its LS-

phenolics -whilst also being different from other varieties -

(Fig lOb).were strongly affected by environment
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Legend to Figures:

Figure 1: Cluster analysis using HPLC-peak heights at 280
nm of phenolics extracted from leaf blades
(LB), leaf sheaths (LS) and stems (ST) of 24
sorghum varieties qrown at several sites. The
letters denote sltes, the numbers denote
varietal entries (see Table 1).

Figure 2: Cluster analysis using HPLC-peak heights of
leaf blade phenolics from several sorghum
varieties which absorb at 280 nm (see Fig 1 for
lettering).

Figure 3: Phenolic HPLC fingerprints of leaf blades from
(a) X/35:24 and (b) Ikinyaruka ~rown at Melkasa
(sltes A and B), Debre zeit (slte C) and pukam
( site D).

Figure 4: HPLC-separations of leaf blade phenolics from
two varieties with similar ped1grees (ESIP13
and ESIP21) grown at Melkasa.

Figure 5: Cluster analysis using HPLC-peak heights of
leaf sheath phenolics from several sorghum
varieties which absorb at 280 nm (see Fig 1 for
lettering).

Figure 6: HPLC-separations of leaf sheath phenolics
recorded at 280 nm from a) six bird resistant
and b) six non bird resistant varieties grown
at Melkasa.

Figur~ 7: Cluster analysis using HPLC-peak heights of
phenolics absorbing at 490 nm from leaf sheaths
of 24 sorghum varieties (see Fig 1 for
lettering).

Figure 8: HPLC-separations of leaf sheath phenolics
recorded at 490 nm from a) six bird resistant
and b) six non bird resistant varieties grown
at Melkasa.

Figure 9: Cluster analysis using HPLC-peak &eights of
stem phenolics from several varieties which
absorb at 280 nm (see Fig 1 for lettering).

HPLC-separations of (a) leaf blade- and (b)
leaf sheath-phenolics from ESIP 21 grown at
Melkasa and Debre zeit.

Figure 10:
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Table la:

Description of sorghum varieties grown at sites A (Melkasa)
and C (Debre zeit).

Ikinyaruka
Serena
Seredo

1

2

3

Rwanda

Uganda
Uganda

BR*

BR

BR

Ikinyaruka
P127 x Dobbs
(Serena x
CK60)
Seredo
X/35:24
Framida

5D x 135/13/1/31
X/35:24
Framida

4

5

6

Uganda
Sudan
West
Africa

Ethiopia

BR

BR

BR

ESIP4 7 NBR**

ESIP7 8 Ethiopia

ESIP13 9

ESIP17 10

ESIP21 11

ESI~25 12

ESIP40 13 Sudan

Sudan!

ESIP43 14

(NES821 x
Awash1050) x
NES9435

Kobomash76 x
NES8835

76T4#432 x
76T4#478
76T2#3 x
NES8922

76T4#432-1/269
x 76T4#478

76T4#441 x
NES8835

(FLR101 x Cs-
3541)-1-1-2

«SC-432 x Cs-
3541) x E-35-
1)-2 Ethiopia

.BR = bird resistant variety

..NBR = non bird resistant variety
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Table Ib:

Description of sorghum varieties grown at sites B (Melkasa)
and D (Dukam).

Designation Entry
number

Resist-
ance

Pedigree Country
of
origin

1

2

.3

Rwanda
Rwanda

Uganda

BR*

BR

BR

Ikinyaruka Ikinyaruka
Susa
(Serena3 x
CK60)
Seredo
X/35:24
Framida

SDx13S/13/1/31
X/3S:24
Framida

4

5

6

Uganda
Sudan
West
Africa

5DX160 7 5DX160 Uganda
E525HT 8 E525HT Uganda
3KX72-1 9 3KX72-1 Uganda
SVR8 10 SVR8 Burundi
Dobbs 11 Dobbs Uganda
MW5020 12 --

SVR157 13 SVR157 Burundi
E1291 14 E1291 Ethiopia
Ga~ella1107 15 Gambella1107 Ethiopia

BR

BR

BR

BR

BR

BR

BR

BR

BR

BR

BR

NBR.

.BR = bird resistant variety

..NBR = non-bird resistant variety
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ABSTRACT

for soluble phenolics. Apigenin and luteolin together with their

identified.tissues.

cinnamic acid, apigenin, luteolin and apigeninidin were also

fl a van on e/di hydrofl a vonol stage between BR- and NBR-varieties.

vitro digestibilities. These were highly significant with butin and
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digestibility,

column derivatisation, phenolics, anthocyanidins, flavones,

digestibility.

INTRODUCTION

identifyil:t9 cultivars with improved digestibility characteristics

one of the factors which limit the digestion of carbohydrates in
fibrous crop residues (Hartley and Jones 1978). Therefore a better

the factors controlling them will aid the development of more
nutritious stover.

The synthesis of phenolics in plants can be affected by environmental

factors,

stress duringsuch as growing conditions (Mueller-Harvey
1989 We recently demonstrated that such factors also influence the

composition of phenolics in sorghum with some varieties exhibiting

2



stronger genotype x environment interactions than others (Mueller-

Harvey and Dhanoa 1991). No detailed study has yet been made of the

types of phenolics which are most influenced by environmental factors

with two exceptions. stafford

1969) 

studied the effect of light on

young sorghum leaves and Nicholson ~ El (1988) studied the response

to fungal infection on anthocyanidin synthesis., LINK?? This kind of

information is requirerl to 'address the task of evolving a new kind

of production technology for the stress environment' (Jain 1988) if

we are to make better use of crop residues.

Sorghum plants produce large amounts and a great diversity of phenolic

compounds (Butler 1988). Some of which have biological activities,

such as fungitoxicity (Doherty ~ ~ 1987; Jambunathan ~ ~ 1990;

Snyder and Nicholson 1990), feeding deterrency (Dreyer ~ ~ 1981;

and digestion or fermentation inhibiting propertiesWoodhead 1981

Several cinnamic acid derivatives (Ring ~~ 1988; Eraso and Hartley

1990), 

monomeric and oligomeric flavonoids (Gupta and Haslam 1978;

in sorghumGujer g.t. M

1986:

Butler

1989)

occur

tissues.

concentrations of these phenolics tend to change with tissue age. The
"

greatest overall concentrations of free phenolic compounds, determined

by a nonspecific colorimetric assay, occurred between 5 to 22 days

after anthesis (DAA) in the caryopsis and glume (Doherty ~~ 1987

i.e.

Ring ~ ~ (1988) similarly reported highest levels at 15 DAA,

at the dough stage, in caryopsis, glume, peduncle and stalk; however,

the trend was less clear in leaves. Only a few studies have examined

the changes of individual compounds. Chromatographic analysis showed

3



that phenolic acid concentrations were higher in younger upper l~aves

than in more mature lower leaves (Ring ~ ~ 1988 Jambunathan g.t

& (1990) and Watterson and Butler

1983)

showed that flavan-4-o1

concentrations were high at early maturity and drastically reduced at

maturitylate in grain and

leaf.

In contrast, anthocyanidin

concentrations increased in senescing leaf tissues (Ring g1~ 1988).

Changes in phenolic concentrations during plant development are to be

e~pected.

Synthesis, degradation and mobilization of phenolics

common at various stages of growth and some 'characteristic' phenolics

may even disappear completely upon further growth (Barz and Hoesel

1979;

1980).Barz It

for

these thethat results ofwas reaSOn!3

phenolic composition of immature leaves reported previously could not

be assumed to apply to leaves harvested at grain maturity and that

this study was undertaken

MATERIALS AND METHODS

Materials:

Twenty four sorghum varieties were grown at Melkasa, Debre Zeit

Dukam, 

Ethiopia, using a completely randomized block design and were"

harvested at full grain maturity (see Mueller-Harvey and Dhanoa 1991

for further details). Leaves were separated into leaf blade (LB) and

fractions.

leaf sheath {LS

Phenolic standards:

All authentic flavonoid samples were purchased from Apin Chemicals,

Abingdon, 

axon, UK andQ-coumaric acid from Koch Light, Haverhill, UK

4



Methods!

Samples were extracted with aqueous acetone, phenolics -separated by

high performance liquid chromatography (HPLC) and peak heights
integrated as described (Mueller-Harvey and Dhanoa 1991

A280, 

ASSO, Insol. proanthocyanidins (=pigments), lignin:

1n vitrQ digeBtibiliti_~:

~orr~lations between phenolic peak heights and digestibilities:

Multiple regression analysis (GENSTAT 1987 was used to select a group

of six HPLC peaks which described best maximum variation in the

digestibility

(NDFD,IV)

and phenolic (A2BO,

ASSO,lA,lignin)measurements. 

Heights and areas of individual HPLC peaks were used for

the regression analysis in order to focus identification of compounds

subset rather than all Thison a 70 compounds detected by HPLC.

approach, assumes that peak heights or areas are linearly correlated

with phenolic concentrations. Obviously, this assumption may not be

true for all peaks but was used as a first approximation.

Identification or characterisation of phenolics:

Preliminary classification of phenolic compounds was carried out after

HPLC post-column reaction with shift reagents (Mueller-Harv~y and

Blackwell, Having thus established the presence of cinnamic

1991).

acid or flavonoid derivatives, unknown compounds were verified by co-

chromatography with authentic phenolics. The spiked concentration of

an authentic compound was adjusted so as to double the peak height of

verification retentioncompound thus facilitating ofthe unknown

5









anthocyanidins tends to cause small hypsochromic shifts (Markham and

Mabry 1975) isIt possible that the rules derived from 3-0H

anthocyanidins do not apply strictly to 3-desoxyanthocyanidins

Compound #30b (Rt 20.9 Fig 3a and

b)

= minI identifiedwas as

apigeninidin (Table 3). Peak #32b (~ = 21.8 min) is an apigeninidin

derivative judging from its spectrum (Table 3 .Absorption of band I

is shifted by -3 nm (470 om) compared to authentic apigeninidin (473

nm) indicating possibly B-ring methylation (Strack and Wray 1989). As

it elutes after apigininidin it could be either a methylated (Harborne

and Boardley 1984 or an acylated apigeninidin derivative (Strack and

Wray, 1989). This compound exhibited far greater resistance to

prolonged hydrolysis in ButOH-HCl (95 °C 1 hr,for unpublished

results than the luteolinidin derivatives (#28 and 30a) and could

therefore have a glucuronide group attached (Markham 1982). Stafford

1965 previously reported sorghum anthocyanidin linked toa an

unknown aliphatic organic acid.

Inspection of the HPLC chromatograms at 490 nm revealed another set

of compounds -apart from peaks #28 to 32b -absorbing in the visible

region having retention times between 30 and 35 min (Fig 4" Their

band I absorption maxima at 482 nm suggested luteolinidin derivatives.

One of these compounds (#53) also appeared to have a cinnamic acid

derivative attached. In one of the varieties, 5DX160, the Emax acid/Emax

pigment ratio was 55% thus indicating a molar acid to pigment ratio

of 1:1 (Harborne 1958).
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Multiple regression analysis between BPLC peaks and digestibility

parameters:

Leaf blades:

Table 4 the peaks whichlists HPLC selected by multiplewere

regression analysis to describe the variation in digestibility and

several colorimetric phenolic measurements of LB. It can be seen that

severalluteolin derivatives, including luteolin itself (#35, 42, 50,

58), had negative correlations with digestibilities (t-values: -2.80,

-5.21, -3.03 and -3.77 only one of the apigenin

However,

resp.)

(#27) , showed a slight negativederivatives thought to be a dimer,

correlation with

IV-digestibility.

othert=-2.73) One flavone

#50,derivative, peak also correlated negatively withwas

digestibilities.

It is noteworthy that luteolin (#42) [and its derivatives (#35, 50,

58)] had the strongest negative correlation with digestibility and the

stronges,t positive correlation with lignin (t-value = 4.11 and A2BO

(#29: t = 5.59) or A550 (#42: t = 5.30). However, apigenin (#47) or

its 7-0-g1ucoside (#32a) had only negative correlations with A550

(#32a: t = -2.92) and IA (#47: t = -2.36

Leaf sheaths:

Table 5 lists those HPLC peaks which describe best the variation in

in Theand colorimetric phenolic measurements

LS.

degestibility

negative correlations between butin (peak #26) and the digestibility

parameters are highly significant (with NDFD t=-5.40; with IV t =

3.66, these are significant at P = 0.0 )

10



p-coumaric acid (#17) and finally a flavone (#50). Only one of
apigenin derivatives showed slight negativea correlation
digestibility in leaf sheaths.

(#17 and 46 having positive correlations with lignin also exhibited

negative correlations _~Jth digestibility.

DISCUSSION

Clearly, luteolin and its derivatives make

significanta contribution to reduced digestibility, whereas a

selection of varieties for apigenin or its derivatives would increase

digestibility.

Phenolic composition of sorghum leaf blades and sheath at grain

maturitys

This study provides the first report of several chalcones

flavanones (including butin occurring in sorghum LB and LS. Previous

reports have recorded the occurrence of chalcone, naringinochalcone,

and the flavanones, naringenin and eriodictyol in grain (Butler 1989;

Gujer ~ ~ 1986). However, tests for naringenin and eriodictyol in
"-

leaf tissues were negative. Previous reports have in 'fact indicated

that the phenolic composition differs between sorghum plant fractions

(Ring ~ ~ 1988; Butler 1989; Mueller-Harvey and Dhanoa 1991

distribution of various flavonoid classes amongst different tissues

can now be categorised in Fig 6. This figure is an adaptation of

1988)

Heller and Forkrnann's scheme which describes in general

biosynthetic reaction steps leading to various flavonoid classes.
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threshold exists at the flavanone/dihydroflavonol stage between

sorghum tissues of NBR- and BR-varieties.
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TABLE 1

UV-Vis absorption maxima (nm) of selected phenolics from leaf blades
before (MeOH/H2S04) and after addition of shift reagents. (KOH,
Na2HPO4, AlCl3/H2S04, H3BO3/NaOAc) (ALBll)

Luteolin
derivatives:

#29 255
266sh
287sh
349

252
267
348

245
268
292sh
337

254
264sh
290sh
350

242sh
253
267
291sh
349

267 261

295
399

268
294sh
356sh
390

260

300sb
390

292sh
371

#34

#35

42 2

3
4

2

2
3
4

2

3
3

2

3
3

267

396

266sb

275
294sb
355
385

262

300sh
374

259

301sh
370
430sh

authentic
luteolin

250
269
290sh
338

authentic
luteolin 4'-0-
glucoside

Apigenin
derivatives:

#23 272

334

272
298sh
335

283

333
402

272

337

273

336

272

335

275
303sh
346

2
3
3
3

2

3

#27

20

6

1
0

3

7
2
0

8

8
2

8

0
9'I

s

s

h

h

7

2
9

6

2
8

2

3
0

9

6
4

s h

8
1
3
9

8

9

2
2
5
6

2'1

s h



240sh
274
303
347sh
378

275
323sh

392

275
326

395

255sh
266
291sh

388

274
310

390

275
302

383

-
266

335

267
294sh

338

268
293sh

338

-
270
297 .
338
386sh

272
297
338
381sh

272
297
338
375sh

-
267

337

267

341

269
297sh

344

authentic
apigenin

other flavones:

270

328

271

333

270
310sh
331

2
2
3

277
298
367

274
299
332

#50

278
300sh
367

277
299sh
359

280
298sh
340
382sh

272
3138:
330

5,7-diOH-
3',4',5'-triOMe
flavone*

Flavanone or
dihydroflavonol:
#46 298sh

313
310sh
369

318
370

29Bsh
314

298sh
317

Explanations of HPLC peak numbers:
23 an apigenin derivative; 27 an apigenin dimer; 29 luteolin 7-0-
glucoside; 32a apigenin 7-0-glucoside; 34 a luteolin derivative; 35
possibly luteolin 4'-0-glucosides; 39 a flavone derivative; 42
luteolin; 46 a flavanone or dihydroflavonol; 47 apigenin; 50 a flavone
derivative. "

* Spectral data from Mabry ~ ~ (1970)
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TABLE 2

UV-Vis absorption maxima (nm) of selected phenolics from leaf sheaths
of non bird resistant sorghum varieties before (MeOH/H2S04) and after
addition of shift reagents (KOH, Na2HPO4, AlCl3/H2S04, H3BO3/NaOAc)
(ASH9 )

MeOH/
H2SO4

H)BO)/
NaOAc

peaks AIC13/
H2SO4

KOH Na2HPO4

Cinnamic acid:

#17 254
309sh
342

286
304sh
349sh

287
304sh
347sh

297sh
309

295sb
309

285
303sh

authentic .Q-
coumaric acid 296sh

308
285
298sh

295sh
311

306sh
335

Luteolin
derivatives:

#42
(see Table 1

#48 253sh
271

252
268
291sh
348

253
267sh
348

269
306
399

275
310sh
390 354

253
267sh
347

Apigenin
derivative:

#47
(see Table 1)

Explanations of HPLC peak numbers:
17 Q-coumaric acid; 42 luteolin;
derivatives.

luteolin48 anp 5847 apigenin;
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TABLE 3

278
308sh

284
336
4257

285
367sh?

287
333

250
293
359 dec

#43 278
312 280

317sh
(or 335

#52 248sh
286sh
327

283

(323sh)
285
330

278
350
(3431

284

authentic butin 279
311

Flavone:
#50 269 275

300sh
371

275
303sh
370

275

337 340

23



3-Desoxyantho-
cyanidins:
#28 240sb

279
321sb
368sb

254sh
297

255sb
291

249
281
308
388sh

246
285

351sh 370
467
541

365sh
450sh
520552 528

#30a 242sh
279..
321sh
36,2 s h

251
295

252
278
314
409sh

248sh
284 .

328sh
303

364 360
474sh
566

446sh
524574 528

authentic
,luteolinidin

240sh
279
317sh
486 568*

253
294
360
471sh
533

#30b 250sh
295sh
356
464sh
536

242
274
321
413sh
473

276
321sh
414sh
474

242
278
323
400sb
470

242
275
320
415sb
473

286
327
422
503

#32b
276
323
412sh
469

authentic
apigeninidin

535*

Chalcones:

#31 249
376

250#32c 272sh
316
447

236

260sh
350sh
423

256 252

377 384 390

#36
250sb 250sb 251sh
306sh 346 349sh 303sh 299sh
376 449 412 372 372

Explanations ot HPLC peak numbers: 26 butin; 22, 33, 38, 43 and 52
flavanone or dihydroflavonol derivatives; 50 a flavone derivative;
28 and 30a luteolinidin derivatives; 30b apigeninidin;
32b an apigeninidin derivative; 31, 32c, 36 chalcone derivatives.
*) Spectral data from Stafford (1965).
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TABLE 4 a

Significant correlations between HPLC peak heights (in brackets: peak
areas) of leaf blade phenolics with neutral detergent fibre- (NDFD)
and!n vitro (IV)-digestibilities, absorption measurements at 280 nm
(A2BO) and 550 nm (Asso) and lignin.

#29 #32

HPLC
peaks*

#42 #50 #58

( 3 .9 )-

(2.9)

-2.8 ( -5 .1 )

-5.2

-3.0

(-2.1)

-3.8

(-2.1
NDFD

5.6
-2.9 5.3

4.1lignin

*) See Table 4b for description of HPLC peak numbers.
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TABLE 4

"Jist of HPLC peaks (heights) from leaf blades which were selected in
multiple regression analysis to describe maximum variation in
digestibility and colorimetric parameters.

Parameters

NDFD

HPLC peak numbers

13 54 -35*

24 -27* 7

29* -66 38

42* 28 -32a*

-13 44 10

-19 8 18

-58

38

- 19

R2

56.8

12

9

64

-70

-47*

3

38

42*

64

6

7

4

6

8

IV

A280

A550

Lignin
IA

*) denotes that compound has been characterised, see footnote of
Table 1 for further details.
**) R2 = variance accounted for, this is equivalent to corrected R2.

29

5

4

4

3

5

O'

2*

1

1

2

4

3.

7.8.

2.

4.

.2

.4

.7.8

.8



TABLE 4b

Correlation coefficients of pairwise correlations between IIPLC peal..
heights of leaf blade phenolics and neutral detergent fibre (NDFD)-
and in vitro (IV)-digestibilities and aqueous ethanol insoluble
anthocyanidins (IA).

HPLC peaks*

#48#42 #50 #58

-.47

-.50

-.38

NDFD
IV

IA

-.32

-.36

-.30

-.34

-.37

-.39

-.38-

*) Explanations of HPLC peak numbers:
29 -luteolin 7-0-glucoside; 32 -apigenin 7-0-glucoside; 35 luteolin
rlerivative; 42 -luteolin; 48 -a luteolin derivative; 50 -a flavone
derivative; 58 -a luteolin derivative.
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TABLE 5

List of HPLC peaks (heights) from leaf sheaths which were selected in
multiple regression analysis to describe maximum variation in
digestibility and colorimetric parameters.

Parameters
-46

-10

42*

50*

46

-41

R2

56.8
53.1

93.2
93.1
65.0

93.8

- -58*

-17*

26*

22*

17*

22*

HPLC peak numbers

-9 -10 45

-58* -38* -50*

-56 35 55

-35 32b,c* 69

-64 34 -27

-39 64 53

NFDF

IV

A280

A550

Lignin
IA

*) denotes that compound has been characterised, see footnote of
Tables 2 and 3 for further details.
**) R2 = variance accounted for, this is equivalent to corrected R2.

30

2

2

2

2

2

2

6*

6*

2*

6*

8*

6*



TABLE Sa

Significant correlations (T-values) between IIPLC peak heights (in
brackets: peak areas) of leaf sheath phenolics and neutral detergent
fibre (NDFD)- and in vitro (IV)-digestibilities, absorption
measurements at 280 nm (A28o) and 550 nrn (Asso), aqueous ethanol
insoluble anthocyanidins (IA) and lignin.

HPLC peaks.

#26 #38#17 #22 #42 #50 #58

*) see Table 5b for description of HPLC peak numbers.
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TABLE 5b

Correlation coefficients of pairwise correlations between HPLC peak
heights of leaf sheath phenolics and neutral detergent fibre (NDFD)-
or !n vitro (IV)-digestibilities, absorption measurments at 280 nm
(A28o) and 550 nm (Asso), aqueous ethanol insoluble anthocyanidins (IA)
and lignin.

Table 5b cont.:

NDFD .33

.35

.40

.40

-.44 .35

.37

-.38

-.40

-.37

-.38

.54

.53

.65

IV .44

-.30 -.43

-.30

-.45

-.39 .38Asso

IA

lignin -.31 -.36 .43

Explanations to HPLC peak numbers:
17 -~-coumaric aicd; 22 -a flavanone or dihydroflavonol; 26 -butin;
28 a luteolinidin derivative; 29 -luteolin 7-0-glucoside; 30 -
apigeninidin; 31 -unknown; 32 -apigeninidin derivative; 33 -a
flavanone or dihydroflavonol; 35 -unknown; 36 -a chalcone; 37 -
unknown; 38 -a flavanone or dihydroflavonol; 47 -apigenin; 48 -a
luteolin derivative; 50 -a flavone; 52 -a flavanone or
dihydroflavonol; 58 -a luteolin drivative.

28

.69

.62

.42

.37

.37

.50
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Environmenlal factors such as light, telnperalure, altitude as W.ell as other stress factors such as water deficit2

and pest incidence may all contribute to the production of phenolic compounds in sorghllm. lJifferentJ

6 varieties may respond differently under different environmental conditions and selection of particular

s
varieties for particular conditions could result in residues of better nutritional quality.

5

7
Phenolic cQrnpounds in leaves and stems from different sorghum varieties grown at several sites were

8

The chromatograms were subjected to cluster analysis. J3nvironment had greateranalysed by HPLC.
9

JO

Whilst most varieties seemed to give strong environment x genotype interactions, lI1e phenolic compositions
"

II

11:

J,
and non bird-resistant varieties were clearly expressed in leaf phenolics at some but not all sites. All

14

I 

varieties had similar stem phenolics.
I~

I~

This 

type of information is relevant to breeding progralnmes. A stralegy is suggesled for selcclil1g BR-
)1

vari~ties with improved digestibilities.18
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'It.ler SORGHUM srOVER AS RUMIN"NI f:EE ,
SITE OF GROWTH, PRE-HRVEST LEAF STRIPPING AND STORAGE ON YIELD

AND MORPHOLOGY

other 8uthor(8) end 8ddre88(e8)

E Owen, Dept.A9ric. Univ. of
Reading, Earley Gate, PO Bo)( 236
Reading RG6 2AT; A N Said, ILCA
Addis Ababa; E M Gill, NRI;
Centt-al I\v., Chatham; ME4 41B
1\ 8 McAllan, IGER, Hurley,
Maidenhead SL6 5LR; Y Kabede.
It)st.i tute of I\gricul t.ural
Reseat-ch, Nazret ~ Ethiopia

Pie... tick.. Ippropri8te

Fifteen varieties of sorghum, comprising bird-resitant and non
1

bit-d-resistant varieties, wet-e grown in 1990 at each of two,
contrasting sites (Debre Zeit: 1700 m, 700-900 rainfall; Nazret:

1500 m, 500-800 rainfall) and measurements made of grain and stover
5

yield. 

stover quality was mainly assessed by the content of leaf,

sl1eat~ and stem. Within the above, two sub-experiments were

undertaJ<en. 

One measured the effect of pre-harvest stripping

tt-eatments -5 lower leaves removed at 50% flowering, 3 lower leaves

removed at 50% flowering and 2 removed at the 'black layer' stage 0'-
10

5 lower leaves removed at black layer stage -compared to no
"

tl
str-ippin9- Tt,e other trial measured the effect of post-grain-harvest

12

stor-age tr-ea tments -stover- s tor-ed !._t] ~.!..~.Y.. (standing in the field)
"

or indoor~ for 2,6 or 12 week~ after harve~t -compared to.~tover
4

at grain harvest. The results of the experiments will be presented
!S

and their implications discussed, pal~ticularly in relation husbandl-Y
16

practice and selective feeding by ruminants.
17

:8
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Prof Or: 
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Hre ~

Two experiments will be reported, one with sheep and one with

z

cattle. 

In Experiment lover 56 days [d), 48 rams 17 kg weight

, M] in 16 groups of 3, were offered long or chopped (Alvan Blanch,

.

Maxi Chaff Cutter stover at 25 or 50 g stover/ kg M.d in a 2 x 2

s factorial arrangement of treatments. Ram groups were supplemmented

& with 339 g DM/d of cottonseed cake and salt lick. Ram live-weight

7 gain (g/d) was improved, both by chopping the stover (P<O.O5; 43.2,

8 58.1, s.e. 3.98) and offering more (P(O.OOI; 38.2, 63.2, s.e. 3.98);

9 stover form and amount offered did not interact. stover intake (kg

10 OM/group.d was improved by both chopping the stover (P<O.O5; l.ll,
,

.1

1.34, 

s.e. 0.06) and offering more (P<O.OOl;

1.03,1.42. 

0.06); form

and amount did not interact. Rams selected for leaf and sheath, andit

The proportion of offered stover left uneaten ranged

.,

against stem.

from 0.11 (chopped 25) to 0.52 (long 50). Experiment 2, with 32.4

involved the same treatments. ThelS individually-fed cattier

results of this trial are currently being processed and will bet6

The data will offer strategies for feeding stover to17

presented.

alleviate dry-season feed shortages and also generating residues for:8

19 other purposes.
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The experiment tested the hypothesis that intake of stover would

increase, and hence performance, if the animals were offered

, to facilitate selection.increasing ad libitum amounts of stover,

Twenty four bucke and 24 rams (weight [M], 16 kg) were fed

individually on 150 gld cottonseed cake and minerals, and offered

& 25, 5.0 or 75 g chopped sorghum (bird-resistant, Seredo) stover per

kg M daily over 75 d. Live-weight gain (g/d) of rams was higher than7

4.51); there was no interaction8 bucks (P(O.OOli 48.2, 21.5 s.e.

between species and amount offered. Growth rates increased with9

increasing amount of stover offered (P(O.OOl; 19.6, 39.8,10

47,9, 

g,e.
"

.Stover intake (g DM/d) was higher for rams than bucks! 1 5.84

(P(O.OOl; 

475, 428, s.e. 24.9) and there was no species x amount12

offered interaction. stover intake increased with increasing amount.,
14.6). TheP(O.OO1; 315,of stover offered 487, 563, s.e.:6

proportion of uneaten stover increased with increasing amounts!5

offered: 

rams, 0.05, 0.31,0.49; bucks, 0.16, 0.41, 0.53. The16

proportion of leaf and sheath in the uneaten stover decreased with17

decreasing amounts offered. It is concluded that both goats and19

sheep are capable of selective feeding leading. to increased int.ske19

and growth ~'1er1' offered increasing amounts of chopped sorghum stover
~O
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