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Abstract: Twenty six straw and 15 foliage samples of Lathyrus sativus, Vicia
narbonensis, V sativa and V ervilia were analysed for ash, crude protein (CP),
neutral detergent fibre (NDF), acid detergent fibre (ADF), extractable phenols
(Pe), extractable tannins (Te), extractable condensed tannins (CTe), protein pre-
cipitation capacity (PPC) and in vitro characteristics predicted from Hohenheim
gas test. The content of crude protein in the foliage was significantly higher than
that of the straws (152-6 vs 64-5 g kg™ 1), while ash (82-8 vs 116-8 g kg™ 1), NDF
(332:7 vs 523-5gkg™") and ADF (2052 vs 3699 g kg~ 1) were significantly
lower. For straws of L sativus, V narbonensis and V sativa, there was no signifi-
cant difference in the protein and ADF contents, whereas ash and NDF contents
were significantly lower and higher respectively in L sativus as compared to V
narbonensis or V sativa. Predicted from gas volumes, the organic matter digest-
ibility (OMD: 70 vs 56%) and metabolisable energy (ME: 9-7 vs 7-3 MJ kg™ )
were significantly higher for the foliage compared to straws. The OMD of L
sativus straws was significantly lower compared to the straws of V narbonensis
and V sativa. The OMD and ME of the straws of second year was significantly
lower than those of the first year. The CP, OMD and ME of V sativa foliage
were higher than that of V' narbonensis. There was no difference in the cell con-
stituents, OMD and ME of foliage samples of V sativa harvested in May 1992
and June 1992. The contents of Pe, Te and CTe of straws were 1-08%, 0-43%
and 0-33%, respectively, and those of foliage were 2:27%, 1-30% and 1-63%,
respectively. PPC was not detected for any of the foliage and straw samples. The
results suggested that the tannin levels of legume straws investigated are negligi-
ble and those of the legume foliage are very low. This does not appear to
adversely affect their nutritive value since the maximum decrease in OMD by the
tannins was about 3% units.

Key words: cell constituents, tannins, condensed tannins, protein precipitation
capacity, organic matter digestibility, metabolisable energy.

INTRODUCTION

Tannins are polyphenolic compounds which form com-
plexes with proteins, carbohydrates, alkaloids, vitamins
and minerals. They adversely affect palatability, rate of
digestion and nutritional value of the diet and may have
a direct toxic effect on animals (see the reviews of

* To whom correspondence should be addressed.

McLeod 1974; Singleton 1981; Kumar and Singh 1984;
Mangan 1988; Makkar 1993). The presence of moderate
levels of tannins in forage legumes may have beneficial
effects on animal production by reducing the risk of
bloat (McLeod 1974; Mangan 1988). They can also
increase protein outflow from the rumen and amino
acid absorption in the small intestine (Barry et al 1986).
Tannins have been found in legume seeds as well as
their foliage. Aletor et al (1994) found that extractable
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condensed tannin content (as catechin equivalents) by
vanillin-HC] method in the seeds of four species of
Vicia and in two species of Lathyrus varied between
undetectable and 6-1 mg g~! dry matter (DM). In L
ochrus the level was higher, between 14-1 and
28-5mg g=! DM. It appears that tannins are distrib-
uted throughout the foliage and in the seed coat, but
there is usually little in the endosperm (Mangan 1988).
In comparison with seeds, there is little information on
tannins in the straws of forage legumes. It would be
valuable to record the level of tannin in forage legume
foliage and straw, so that it can be related to any benefi-
cial or detrimental effects.

In the present study, tannin levels were determined by
various methods based on chemical (oxidation-
reduction, anthocyanidin formation) and functional
(protein precipitation) properties. Physiological activ-
ities of tannins are attributed to their capacity to bind
and precipitate proteins. Therefore, protein precipi-
tation methods are considered to correlate better with
the biological value of tannin-rich feeds and food
(Makkar 1989; Scalbert 1989). The biological value of
tannins was also measured using an approach (Makkar
et al 1995) in which the tannin-containing feeds are
incubated in an in vitro gas procedure (Menke et al
1979; Menke and Steingass 1988) in the presence and
absence of a tannin-complexing agent, polyethylene
glycol 6000 (PEG 6000). The PEG 6000 binds to
tannins making them inert, which leads to higher gas
production. The percent increase in gas production is
positively correlated with the potential adverse effects of
tannins on digestion in the rumen. The nutritive value
(OMD and ME) calculated by the in vitro gas method
(Menke and Steingass 1988) is also presented.

MATERIALS AND METHODS
Samples

Ti:venty six straws and 15 foliage samples were used for
the studies and are described in Table 1. The foliage
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samples were whole plants containing leaves, stems and
seeds in pods at the dough stage. The plants were
grown at the Tel Hadya farm of the International
Center for Agricultural Research in the Dry Areas
(ICARDA), having 330 mm annual rainfall and a medi-
terranean type climate. The samples were freeze-dried.
For determination of ash, nitrogen and cell-wall constit-
uents and in vitro nutritional studies, the samples were
ground to pass through a | mm screen. For tannin
determination, samples were finely ground through an
80-mesh (0-18 mm) screen. Foliage samples were taken
from the same stand on either 11 April or 13 May 1992;
straw samples were taken from different crops in July
1992 or July 1993. All data are on a dry matter basis.

Nutritional evaluation using in vitro gas method

Samples (200 mg) were weighed into 100 ml calibrated
syringes and inoculated with diluted rumen fluid
according to the method of Menke and Steingass (1988).
Parallel incubations for measurement of gas production
without substrate (blank) or with 200 mg of hay refer-
ence standard (obtained from Institute for Animal
Nutrition, Hohenheim, Germany) were also carried out.
Incubations were stopped at 24 h. Using chemical com-
position and net gas production at 24 h (corrected for
the blank and the hay standard; Menke), organic
matter digestibility (OMD, %) and metabolisable
energy (ME, MJ kg™! DM) were calculated using the
equations proposed by Menke and Steingass (1988).

Tannin determination

Extractable phenols (Pe) and extractable tannins (Te)
were determined using the Folin-Ciocalteau reagent by
the method of Makkar et al (1993). Extractable con-
densed tannins (CTe) were determined by the method of
Porter et al (1986). The protein precipitation capacity
(PPC) was determined by two methods: the dye-binding
method of Asquith and Butler (1985) and the bovine
serum albumin (BSA) precipitation assay of Makkar et

TABLE 1
Samples studied of selection of Lathyrus and Vicia spp
Species Foliage Straw after harvest
May 1992 June 1992 July 1992 July 1993
Lathyrus sativus — —_ 510, 530, 587 510, 530

Vicia ervilia = —

Vicia narbonensis 2561 —
Vicia sativa 1448, 1448, 2037, 2065,

2556, 2557, 2558, 2559 2558, 2559
Number of samples 9 6

2037, 2065, 2556, 2557,

— 2511
— 2380, 2390, 2391, 2392,
2462, 2464, 2475, 2561,
2601
1448, 2037, 2065, 2556, 1448, 2557, 2558, 2559
2557, 2558, 2559

10 16
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al (1988). The details of these methods are available in
Makkar (1995).

Biological value of tannins using the in vitro gas method

The method was according to Makkar er al (1995)
which is based on the in vitro gas method of Menke and
Steingass (1988). In brief, samples (500 mg) ground to
pass a 1 mm screen were incubated in 100 ml glass
syringes with and without a tannin-complexing agent,
polyethylene glycol 6000 (1 g) and in the presence of
40 ml of an in vitro medium containing rumen microbes
(Makkar et al 1995). Gas produced is recorded at 24 h,
corrected for blank (gas produced in the blank contain-
ing the tannin-complexing agent is similar to that in the
blank without this agent), and the percent increase in
the gas production was calculated. The higher the
percent increase in gas production, the higher are the
potential adverse effects of tannins on rumen digestion.

Other analyses

The samples were analysed for ash, nitrogen and cell-
wall constituents according to AOAC (1975) and
Goering and Van Soest (1970). Each analysis was done
in duplicate.

Statistical analysis

The significance of the difference between means of
three or more groups was compared using the Duncan
Multiple range test after ANOVA for one way classified
data with the aid of SAS/STAT software (SAS 1988).
For comparison of means of two groups, Student’s
t-test was used. The values reported in tables are the
average of two values. The deviation of each value from
the mean was not more than 5% in 80% of cases, and
never more than 8%.

RESULTS AND DISCUSSION
Chemical composition

The chemical composition is presented in Table 2. The
overall mean of crude protein (CP) content of the
foliage samples was significantly higher than that of
the straws. On the other hand, ash, ADF and NDF
contents were lower in the foliage. Similar pattern was
observed for the Vicia sativa foliage and its straw
samples (Table 2). For straws of different species
(Lathyrus sativus, Vicia narbonensis and V sativa), there
was no significant difference in the CP and ADF con-
tents, whereas ash and NDF contents were significantly
lower and higher respectively in Lathyrus sativus as
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compared to both species of Vicia. These species of
Vicia did not differ significantly in ash or NDF con-
tents. Different chemical compositions of two foliage
samples collected at the same time of the year (for
example, V sativa, selection 1448) could be due to differ-
ent proportions of leaves, stems and seeds in the two
samples. The overall mean of V sativa foliage was
higher than that of V' narbonensis. However, the CP
content of a selection (2037, May 1992) of V sativa had
a lower CP content and the other two selections (2065,
May and June 1992) had CP almost similar to V narb-
onensis. These information on individual selection
numbers are generally of immense interest to plant
breeders. The foliage of V' narbonensis was more fibrous
compared to V sativa foliage, as both NDF and ADF
contents of V' narbonensis were higher compared to the
overall mean of V sativa foliage as well as of individual
selection of V' sativa foliage (Table 2). Unfortunately,
samples of L sativus foliage were not available which
would have allowed comparison of foliages of L sativus
and V sativa. The foliage at the 100% flowering stage of
V sativa, V ervilia and V villosa ssp dasycarpa had CP
contents of 195, 215 and 165 g kg™ !, respectively, and
the values for NDF and ADF were 310, 280,
400 g kg~! and 220, 200, 310 g kg™, respectively (Abd
El Moneim 1993). The CP contents observed for legume
straws were higher than those of cereal straws and were
comparable to other legume straws, for example, gram,
mung and guar (Theander and Aman 1984; Rees et al
1991; Prasad et al 1993). On the other hand, the CP of
foliage 1526 g kg ™!, Table 2) was lower than those of
fresh forages of alfalfa, berseeem and white clover (CP
about 200-0 g kg~ ?!) (see Close and Menke 1988).

Table 3 presents cell constituents and in vitro charac-
teristics of straw samples of only those selection
numbers of L sativus and V sativa which were harvested
in the month of July of both 1992 and 1993, and of
foliage samples of only those selection numbers of V
sativa which were harvested in both May and June of
1992 (see Table 1). For straw samples, the content of CP
was significantly lower for 1992 as compared to 1993,
and the contents of NDF and ADF were significantly
higher. For foliage samples, no difference was noticed in
the contents of CP, NDF and ADF between May 1992
and June 1992 samples (Table 3). The contents of cell
solubles of legume straws (Table 2) was higher than
those of cereal straws (Gebrehiwot and Mohammed
1989; Becker and Einfeldt 1995).

Nutritional value

The gas produced in vitro (Menke and Steingass 1988)
by the foliage samples was significantly higher than that
produced by the straw samples (49 ml vs 35 ml). The
OMD (70% vs 56%) and ME (9-7 MJ kg ey
73 MJ kg™') also had the similar pattern (Table 2).
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Cell constituents and in vitro characteristics of some leguminous samples®

TABLE 2

H P S Makkar et

Species Selection CP ASH ADF?® NDF® Gas* OMD ME
number/data @ks™)  (@kg™") (Gkg™") (gkg™?) (ml) gkg™'  (MJ kg
Straw samples
Lathyrus sativus 510/July 1992 77-8 999 367-8 541-5 34-5 554 72
Lathyrus sativus 510/July 1993 54-1 88-5 451-8 607-9 31-8 513 7-6
Lathyrus sativus 530/July 1992 79-5 104-9 337-0 512-1 30-8 523 75
Lathyrus sativus 530/July 1993 60-2 83-1 413-5 583-0 349 542 81
Lathyrus sativus 587/July 1992 74-2 101-7 361-2 509-1 39-4 597 8:0
Mean 69-2 95-6a 386-3 550-7a 343 546a 7-7
SD 11-3 9:3 45-9 43-6 3-4 33 0-4
Vicia narbonensis 2380/July 1993 75-2 124-1 336-3 492-9 36-1 576 9:6
Vicia narbonensis 2390/July 1993 93-1 119-0 295-8 445-4 37-8 598 7-5
Vicia narbonensis 2391/July 1993 47-4 114-5 404-1 548-6 35-0 549 7-0
Vicia narbonensis 2392/July 1993 84-4 128:1 337-5 451-1 36-2 583 10-6
Vicia narbonensis 2462/July 1993 72-6 136-8 303-7 447-0 36-3 582 9:6
Vicia narbonensis 2464/July 1993 90-3 1212 27717 412-7 395 613 77
Vicia narbonensis 2475/July 1993 43-2 116:0 443-6 556-1 34-4 542 6-8
Vicia narbonensis 2561/July 1993 55-4 1175 3619 514-9 37-0 572 9:5
Vicia narbonensis 2501/July 1993 42-9 123:4 430-9 566-6 336 537 7-6
Mean 67-2 126-7b 354-6 492-8b,c 36-2 573b,c 7-5
SD 20-3 15-6 60-0 56-4 1-8 26 0-4
Vicia sativa 1448/July 1992 73-5 127-0 342-2 498-9 376 590 77
Vicia sativa 1448/July 1993 66-6 131-1 401-8 529-0 309 528 6-8
Vicia sativa 2037/July 1992 75-4 137-1 332-8 483-0 364 584 7-6
Vicia sativa 2065/July 1992 58-8 135-1 3273 504-7 357 569 7-4
Vicia sativa 2556/July 1992 772 1212 324-8 485-6 393 605 8-0
Vicia sativa 2557/July 1992 67-6 138-8 341-6 504-0 35:2 570 7-4
Vicia sativa 2557/July 1993 61-3 1237 409-0 5782 30-8 521 6-7
Vicia sativa 2558/July 1992 61-5 117-8 340-7 531-5 36:4 570 7-5
Vicia sativa 2558/July 1993 443 111- 349-0 546-9 344 541 71
Vicia sativa 2559/July 1992 51-0 1209 3659 5179 36-8 569 7-5
Vicia sativa 2559/July 1993 455 106-0 439-3 556-6 30-2 501 6:6
Mean 62-1 124-6b 361-3 521-5a,¢ 349 559a,c 73
SD 11-5 10-5 383 30-2 30 32 0-44
Vice ervilia 2511/July 1993 435 872 519-0 686-3 316 506 67
Overall mean 64-5 116-8 369-9 523-5 351 559 7-3
SD 15-2 15-3 56-0 57-0 2-8 32 0-4
Foliage samples

Vicia sativa 1448/May 1992 188-2 77-0 170-1 304-2 53-8 773 10-6
Vicia sativa 1448/May 1992 1437 1119 2201 348-0 48-3 715 9-6
Vicia sativa 2037/May 1992 66-6 92:6 2139 336-3 47-4 662 9-0
Vicia sativa 2037/June 1992 144-4 82-8 2127 349-6 48-0 702 9:5
Vicia sativa 2065/May 1992 1397 857 2152 343-0 48-2 702 9:5
Vicia sativa 2065/June 1992 134.7 104-3 2223 3366 46-3 690 9-3
Vicia sativa 2556/May 1992 170-2 84-2 175-6 2989 50-8 740 10-1
Vicia sativa 2556/June 1992 180-4 753 185-0 313-5 49-4 729 99
Vicia sativa 2557/May 1992 151-2 925 193.7 312:5 47-8 707 9:6
Vicia sativa 2557/June 1992 162-3 79-7 209-8 333-0 48-0 709 9:6
Vicia sativa 2558/May 1992 170-8 66-5 202-3 316-3 48-5 713 9-8
Vicia sativa 2558/June 1992 166-7 576 168-6 3257 51-7 736 10-2
Vicia sativa 2559/May 1992 157-3 64-6 218-5 368:2 47-2 694 9:5
Vicia sativa 2559/June 1992 170-9 76-9 195-2 310-0 49-0 722 9-8
Mean’ 153-4 82:3 200-2 328-3 48-9 714 9:7
SD 296 14-9 19-0 19-8 2:0 26 0-41
Vicia narbonensis 2561/May 1992 137-5 80-5 274-5 395-0 48-4 701 9:6
Overall mean 152-6* 82-8* 205-2* 332.7* 48-9* 713% 9.7%
SD 2771 13-8 25-6 25-0 1-86 25 0-37

® For the straw samples, means with dissimilar following letters in the same vertical column differ significantly (P < 0-05).
* Significantly different (P < 0-05) from the corresponding value for the straw samples.

1, on ash free basis.
¢ ml per 24 h from 200 mg sample.

¢ all means for vegetative samples of Vicia sativa differ significantly (P < 0-05) from the corresponding means for straw samples of
V sativa.
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TABLE 3
Cell constituents and in vitro characteristics of some leguminous samples collected at different periods (mean + SD, n = 6)°
CP ASH ADF?® NDF® Gas* OMD ME
(g kg™") (g kg™") (g kg™") (g kg™ (ml) Gkg™") (M kg™
Straw samples®
July 1992 685+ 109 1182 + 14-3 349-2 + 138 517-7 + 163 352+ 24 563423 7-4 + 0-31
July 1993 553+ 9:0* 107-5 + 18:9 (NS) 410-7 + 35-8*  566:9 + 28:3*  32.2 +2:0* 524+ 16* 69+027*
Foliage (May 1992 and June 1992) samples of Vicia sativa®
May 1992 142-6 + 39-1 81-0 + 125 203-2 + 379 366-7 + 35-1 48-3 +1-3 703 + 255 96 +0-3
June 1992 15945 + 171 79-4 + 15-0 211-8 + 24-8 354-9 + 265 487+ 1-8 715+ 175 97403
(NS) (NS) (NS) (NS) (NS) (NS) (NS)

* Means with dissimilar following letters in the same vertical column differ significantly (P < 0-05).
* Means significantly (P < 0-05) different from corresponding values for July 1992; NS, not significant (P > 0-05) from correspond-

ing value for July 1992.
® On an ash-free basis.
¢ ml per 24 h from 200 mg sample.

4 straw samples include: Lathyrus sativus (510 and 530) and Vicia sativa (1448, 2557, 2558, 2559); species and selection numbers

present in July of both 1992 and 1993.

¢ Samples include: Vicia sativa (2037, 2065, 2556, 2557, 2558, 2559); selection numbers harvested in both May and June of 1992
(see Table 1). The numbers following the species name are selection numbers.

There was no significant difference in the gas pro-
duction and ME of straw samples of different species.
However, the OMD of L sativus straw was significantly
lower compared to the straws of the two strains of Vicia
(Table 2). The gas production, OMD and ME of the
straws of L sativus and V sativa collected in 1993 was
significantly lower compared to those cut in 1992. On
the other hand the CP was lower and fibre content
higher for straws cut in July 1993 (see above). These
observations suggest that the quality of straw harvested
in July 1993 was lower than that of July 1992, which
could be due to differences in weather between the
years. The OMD and ME of V sativa foliage were
slightly higher than those of V narbonensis (OMD: 71-4
vs 68:6%; ME; 9-7 vs 9-4 MJ kg~!, Table 2). These
results together with higher CP and lower NDF and
ADF of V sativa foliage suggest that this foliage is of
better quality compared to V narbonensis foliage. Abd
El Moneim (1993) has reported in vitro dry matter
digestibilities of 69, 72 and 46% for the foliage samples
of V sativa, V ervilia and V villosa ssp dasycarpa,
respectively. The CP, ME and OMD were statistically
similar for foliage samples of V sativa cut in May 1992
and June 1992. In addition, there was no significant dif-
ference in the ash, crude protein or cell-wall constitu-
ents of these samples (Table 3). These results show that
the nutritive values of the foliage did not change over a
period of one month, ie from May to June 1992. It is
evident from the above results that OMD and ME of L
sativus, V narbonensis and V sativa straws were also
higher than those of cereal straws, and that of foliage of
V sativa and V narbonensis comparable to those of fresh
forages of alfalfa, berseeem and white clover (Rexen and

Knudsen 1984; Sundstol and Coxworth 1984; Wilkin-
son 1984; Close and Menke 1988).

Tannin levels

Tannin levels by various methods are given in Table 4.
The contents of Pe, Te and CTe of the foliage were sig-
nificantly higher than those of the straws. There was no
significant difference in the contents of total Pe, Te and
CTe among the straws of different species. The Pe and
Te contents (as mg g~!) of straws were less than 20
average 10-8) and 10 (average 4-3) respectively and
those of the foliage were respectively less than 35
(average 22-7) and 25 (average 13). The CTe content
had a similar pattern—higher in foliage samples (Table
4). The contents of Pe, Te and CTe did not differ signifi-
cantly between straws cut in July 1992 and those cut in
July 1993. Similarly there was no significant difference
in the increase in gas production using PEG 6000 in the
gas method between these two group of samples (Table
5). The contents of Pe, Te and CTe in V sativa foliage
were about 1-7-, 2-3- and 4-fold higher compared to in
V narbonensis foliage (Table 4). The foliage of V sativa
cut in May 1992 and June 1992 also did not differ sig-
nificantly in the contents of Pe, Te and CTe and in
increase in gas production on addition of PEG 6000.
Protein precipitation capacity, measured by both the
dye-binding (Asquith and Butler 1985) and bovine
serum albumin precipitation methods (Makkar et al
1988) was not detectable in the foliage samples (results
not shown). In addition, a maximum of 6% increase in
the gas production (average 3-9%) in the foliage
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TABLE 4
Extractable phenols (Pe), extractable tannins (Te), extractable condensed tannins (CTe)
(g kg™ ! dry matter), and percent increase in gas production by polyethylene glycol 6000
(a tannin-complexing agent)®

Selection Number/date Pe® Te® CTe¢ Increase in gas species
(%)
Straw samples
Lathyrus sativus 510/July 1992 123 44 19 0-5
Lathyrus sativus 510/July 1993 11-0 37 1-1 0-6
Lathyrus sativus 530/July 1992 11-6 40 6-4 31
Lathyrus sativus 530/July 1993 15-6 5-4 1:9 0-9
Lathyrus sativus 587/July 1992 10-0 3-7 1-5 0-5
Mean 12-1a 4-2a 2-6a 1-1a
SD 2:1 0-7 2:2 11
Vicia narbonensis 2380/July 1993 9-8 32 1-3 0
Vicia narbonensis 2390/July 1993 10-1 33 2:1 0
Vicia narbonensis 2391/July 1993 87 33 0-7 0
Vicia narbonensis 2392/July 1993 10-0 3.7 1-5 0
Vicia narbonensis 2462/July 1993 11-8 5-0 1-2 4-1
Vicia narbonensis 2464/July 1993 124 53 1:7 0-7
Vicia narbonensis 2475/July 1993 8-2 30 0-9 0
Vicia narbonensis 2561/July 1993 9-2 34 1-5 2:6
Vicia narbonensis 2501/July 1993 8-0 2-8 0-5 0
Mean 9-8a 3-7a 1-3a 0-82a
SD 1-5 0-9 0-5 1-50
Vicia sativa 1448/July 1992 13-1 9-3 8-4 1.5
Vicia sativa 1448/July 1993 9-5 6-4 31 0-6
Vicia sativa 2037/July 1992 147 6-9 15:7 6-9
Vicia sativa 2065/July 1992 19-1 9-4 12-6 2:1
Vicia sativa 2556/July 1992 10-5 29 1-2 2-8
Vicia sativa 2557/July 1992 157 59 9-2 1-4
Vicia sativa 2557/July 1993 11-0 4.9 2-4 0-5
Vicia sativa 2558/July 1993 11-4 42 1-6 0
Vicia sativa 2559/July 1992 7-5 29 0-6 4-2
Vicia sativa 2559/July 1993 4-6 13 0-5 0
Mean 11-4a 5-2a 5-1a 1-82a
SD 4-0 27 53 2-14
Vicia ervilia 2511/July 1993 65 1-8 4.7 1-1
Overall mean 10-8 4.3 33 1-31
SD 30 2:0 39 1-72
Foliage samples
Vicia sativa 1448/May 1992 17-3 83 7-8 4-5
Vicia sativa 1448/May 1992 241 13-5 211 3:5
Vicia sativa 2037/May 1992 29-6 231 24-5 56
Vicia sativa 2037/June 1992 29-5 22-8 26-7 6-1
Vicia sativa 2065/May 1992 299 187 25-0 5:6
Vicia sativa 2065/June 1992 34-1 21-0 303 31
Vicia sativa 2556/May 1992 18-1 7-8 8-8 41
Vicia sativa 2556/June 1992 15-5 59 57 4-5
Vicia sativa 2557/May 1992 293 16-8 20-7 3-8
Vicia sativa 2557/June 1992 31-2 16-8 26-2 5-2
Vicia sativa 2558/May 1992 18-8 9:6 9:2 0
Vicia sativa 2558/June 1992 15-0 7-2 9-4 23
Vicia sativa 2559/May 1992 20-7 10-0 13-1 59
Vicia sativa 2559/June 1992 14-4 7-5 11-8 41
Mean® 23-4 13-5 17:2 4-16
SD 7-0 62 85 1-63
Vicia narbonensis 2561/May 1992 13-7 6-0 4.3 0
Overall mean 22:7% 13-0* 16-3* 3-89+
Mean 7-1 6-0 8-:0 1-90

“ For the straw samples, means with dissimilar following letters in the same vertical column differ
significantly (P < 0-05). The numbers following the species name are selection numbers.
* Significantly different (P < 0-05) from the corresponding value for the straw samples.

® As tannic acid equivalent.

¢ As leucocyanidin equivalent.

¢ Protein precipitation capacity by the methods of Asquith and Butler (1986) and Makkar et al
(1988) was not detected for any of the above samples.

¢ All means for vegetative samples of V sativa differ significantly (P < 0-05) from the corresponding
means for straw samples of V satipa.
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TABLE 5
Extractable phenols (Pe), extractable tannins (Te) and extractable condensed tannins (CTe) (g kg™ ") of some leguminous samples
(mean + SD, n = 6)*

Peb CTe* Increase in gas
(Vo)
Straw samples®
July 1992 11-5 + 29 49+ 24 46 + 39 19+ 15
July 1993 10-5 + 3-6 (NS) 4-3 + 1-7 (NS) 1:7:4 0:9 (NS) 1-1 £ 1:6 (NS)
Foliage (May 1992 and June 1992) samples of Vicia sativa®
May 1992 244 + 5-8 143 + 6-1 169 + 7-4 42422
June 1992 23-3 + 92 (NS) 13-5 + 7-6 (NS) 184 + 10-6 (NS) 4-2 + 1-4 (NS)

¢ Means with dissimilar following letters in the same vertical column differ significantly (P < 0-05). NS, not significant (P > 0-05)

from corresponding value for July 1992.
® as tannic acid equivalent.
¢ As leucocyanidin equivalent.

¢ straw samples include: Lathyrus sativus (510 and 530) and Vicia sativa (1448, 2557, 2558, 2559); species and selection numbers

present in July of both 1992 and 1993 (see Table 1).

¢ Samples include Vicia sativa (2037, 2065, 2556, 2557, 2558, 2559); selection numbers harvested in both May and June of 1992 (see
Table 1). The numbers following the species name are selection numbers.

samples (for straws the increase was virtually nil) was
observed in the presence of PEG 6000. For tannin-rich
samples of Acacia saligna, Acioa barteri and Quercus
incana, etc, up to 200% increase in the gas production
has been observed (Makkar et al 1995). In the present
study, the tannins present in foliage decrease the gas
production by a maximum of 6%, which translates to a
maximum decrease in OMD of about 3% units accord-
ing to the equation used for calculation of OMD
(Menke and Steingass 1988). The results suggest that (1)
the legume straws have negligible tannins, and (ii) low
levels of tannins are present in the foliage samples,
which do not adversely affect their nutritive value to a
significant extent.

The results of the present study demonstrated that
legume foliages (Vicia narbonensis, V sativa) with pods
sampled in the dough stage have higher protein, organic
matter digestibility and metabolisable energy compared
to their straws, and that the legume straws (Vicia narb-
onensis, V sativa and Lathyrus sativus) have higher
protein, organic matter digestibility and metabolisable
energy compared to cereal straws. The legume foliages
are lower in crude protein content compared to fresh
forages of alfalfa, white clover and berseeem, but have
comparable organic matter digestibility and metabolis-
able energy. The legume straws have negligible tannins
whereas the legume foliages have a low level of tannins,
some of which probably lies in the seeds present in these
foliages. However, these tannins do not adversely affect
the nutritive value of the legume foliages. This study
clearly indicates the high potential of legume foliages
and straws for incorporation into livestock diets, espe-
cially in West Asia and North Africa where the major

limiting factor to livestock production is the inadequate
feed supply. Shortages can be alleviated by the intro-
duction of leguminous forage species in the existing
fallow lands.

ACKNOWLEDGEMENTS

The authors are thankful to Mr Herrman Baumgaert-
ner and Miss Nickole Moeckelmann of Institute for
Animal Production in the Tropics and Subtropics, Uni-
versity of Hohenheim, Stuttgart, and Mr Ibrahim Said
and Hani Nakkoul of ICARDA for technical support.
Financial support to HPSM by ICARDA and Tropical
Center of Hohenheim University is greatfully acknow-
ledged.

REFERENCES

Abd El Moneim A M 1993 Agronomic potential of three
vetches (Vicia spp.) under rainfed conditions. J Agron Crop
Sci 170 113-120.

Aletor V A, Abd El-Moneim A M, Goodchild A V 1994
Evaluation of the seeds of selected lines of three Lathyrus
spp. for B-N-oxalylamino-L-alanine (BOAA), tannins,
trypsin inhibitor activity and certain in vitro characteristics.
J Sci Food Agric 65 143-151.

AOAC 1975 Official Methods of Analysis (12th edn). Associ-
ation of Official Analytical Chemists Washington, DC,
USA.

Asquith R A, Butler L G 1985 Use of dye-labeled protein as
spectrophotometric assay for protein precipitants such as
tannins. J Chem Ecol 11 1535-1544.



136

Barry T N, Manley T R, Duncan S L 1986 The role of con-
densed tannins in the nutritional value of Lotus peduncu-
latus for sheep. 4. Sites of carbohydrate and protein
digestion as influenced by dietary reactive tannin concentra-
tion. Br J Nutr 55 123-127.

Becker K, Einfeldt C 1995 Multiple use of cultivated plants:
straw utilization ™ animal nutrition—indications for plant
breeding. Anim Res Develop 41 23-37.

Close W, Menke K H 1988 Selected Topics in Animal Nutri-
tion. University of Hohenheim, Stuttgart, Germany, pp A
63-A 85.

Gebrehiwot L, Mohammed J 1989 The potential of Crop resi-
dues, particularly wheat straw, as livestock feed in Ethiopia.
In: Overcoming Constraints to the Efficient Utilization of
Agricultural By-products as Animal Feeds (Proceedings of
the fourth annual workshop held at the Institute of Animal
Research, Mankon station, Bamenda, Cameroun), eds Said
A N & Dzowela B H. pp 142-154.

Goering H K, Van Soest P J 1970 Forage Fiber Analysis.
Apparatus, Reagents, Procedures and some Applications
(Agric Handbook No 379). USDA, Washington, DC, USA.

Kumar R, Singh M 1984 Tannins: their adverse role in animal
nutrition. J Agric Food Chem 32 447-453.

Makkar H P S 1989 Protein precipitation methods for quanti-
tation of tannins. A review. J Agric Food Chem 37 1197-
1202.

Makkar H P S 1993 Antinutritional factors in foods for lives-
tock. In: Animal Production in Developing Countries
(Occasional Publication No 16), ed Gill M, Owen E, Pollott
G E & Lawrence T L. British Society of Animal Pro-
duction, pp 69-85.

Makkar H P S 1995 Quantification of Tannins—A Laboratory
Manual (2nd edn). ICARDA, Aleppo, Syria.

Makkar H P S, Singh B, Dawra R K 1988 Determination of
both tannin and protein in a tannin-protein complex. J
Agric Food Chem 36 523-525.

Makkar H P S, Bluemmel M, Borowy N, Becker K 1993
Gravimetric determination of tannins and their correlations
with chemical and protein precipitation methods. J Sci
Food Agric 61 161-165.

Makkar H P S, Bluemmel M, Becker K 1995 Formation of
complexes between polyvinyl pyrrolidones and polyethylene
glycols with tannins and their implications in gas pro-
duction and true digestibility in in vitro techniques. Br J
Nutr 73 897-913.

Mangan J L 1988 Nutritional effects of tannins in animal
feeds. Nutr Res Rev 1 209-231.

McLeod M N 1974 Plant tannins—their role in forage
quality. Nutr Abstr Rev 44 804-815,

H P S Makkar et aj

Menke K H, Steingass H 1988 Estimation of the energetic
feed value from chemical analysis and in vitro gas pro-
duction using rumen fluid. Anim Res Develop 28 7-55.

Menke K H, Rabb L, Salewski A, Steingass H, Fritz D, Sch-
neider W 1979 The estimation of the digestibility and
metabolizable energy content of ruminant feedingstuffs from
the gas production whey they are incubated with rumen
liquor in vitro. J Agric Sci Camb 93 217-222.

Porter L J, Hrstich L N, Chan B C 1986 The conversion of
procyanidins and prodelphinidins to cyanidin and delphini-
din. Phytochemistry 25 223-230.

Prasad C S, Sampath K T, Rai S N, Joshi A L 1993 Physical,
chemical and morphological characteristics of slender and
coarse straws and response to urea treatment—a review. In -
Feeding of Ruminants on Fibrous Crop Residues, eds Singh
K & Schiere J B. Indian Council of Agricultural Research,
Krishi Bhavan, New Delhi and Department of Tropical
Animal Production, Agricultural University, Wageningen,
The Netherlands, pp 320-335.

Rees D J, Islam M, Samiullah A, Fahema R, Raza § H,
Qureshi Z, Mehmood S 1991 Rain-fed crop production
systems of upland Balochistan: Wheat (Triticum aestivum),
Barley (Hordeum vulgare) and forage legumes (Vicia
species). Exper Agric 27 53-69.

Rexen F P, Knudsen K E 1984 Industrial-scale dry treatment
with sodium hydroxide. In: Straws and other Fibrous By-
products as Feed, eds Sundstel F & Owen E, Elsevier,
Amsterdam, The Netherlands, pp 127-160.

SAS 1988 SAS/STAT Program. SAS Institute Inc, Cary, NC,
USA.

Scalbert A 1989 Quantitative method for the estimation of
tannins in plant tissues. In: Chemistry and Significance of
Condensed Tannins, eds Hemingway R W & Karchesy J J.
Plenum Press, New York, USA, pp 259-280.

Singleton V L 1981 Naturally occurring food toxicants: phe-
nolic substances of plant origin common in foods. Ady Food
Res 27 149-242.

Sundstel F, Coxworth E M 1984. Ammonia treatment. In:
Straws and other Fibrous By-products as Feed, eds Sundstel
F & Owen E. Elsevier, Amsterdam, The Netherlands, pp
196-240.

Theander O, Aman P 1984 Anatomical and chemical charac-
teristics. In: Straws and other Fibrous By-products as Feed,
eds Sundstol F & Owen E. Elsevier, Amsterdam, The
Netherlands, pp 45-78.

Wilkinson J M 1984 Farm-scale dry treatment with sodium
hydroxide. In: Straws and other Fibrous By-products as
Feed, eds Sundstel F & Owen E. Elsevier, Amsterdam, The
Netherlands, pp 162-180.



	001.jpg
	002.jpg
	003.jpg
	004.jpg
	005.jpg
	006.jpg
	007.jpg
	008.jpg
	009.jpg

