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Abstract: The raw dry Indian bean having a very high trypsin inhibitory activity which progressively decrease
by 51% during the 12 h soaking period and further reached to 17% at 32 h germination period. However, the
overall fall in polyphenols was 70%, tannins 46%, phytic acids 36%, phytate phosphorus 30 and 40-50%
stachyose and raffinose were noticed. The present study also evaluated the changes of anti-nutritional factors
of germinating Indian bean by subjecting to boiling, roasting and pressure cooking. Maximum reduction was
observed in TIA and phytic acids with roasting, while the boiling and pressure cooking decreases the levels
of polyphenols and tannins. Germination was more effective method in reducing trypsin inhibitor activity,
tannins, polyphenols and phytic acid than the various cooking treatments. 
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INTRODUCTION The nutritive value of grain legumes depends

Legumes are the most important plant food material, absence of anti-nutritional and/or toxic factors. Nutritive
for the outstanding reason that they are the concentrated value is the ability of food to provide a usable form of
cheap sources of protein for the vegetarian population. nutrients: protein, carbohydrates, vitamins and minerals.
However, they are under-used in various countries The food processing methods including soaking,
because of antinutrient  factors,  such  as  enzyme germination, decortications, fermentation and cooking
(trypsin,  chymotrypsin, -amylase) inhibitors, phytic greatly influence their nutritive values. Of these, cooking
acid, flatulence factors, etc. [1-4]. Indigestible substances and germination plays an important role as it influences
include the flatulence producing oligosaccharides, the bioavailability and utilization of nutrients and also
namely, raffinose, stachyose and verbascose which due improves palatability which incidentally may result in
to the absence of -galactosidase in humans, are enhancing the digestibility and nutritive value [11-13].
fermented anaerobically by micro-organisms to produce The presence of anti-nutritional factors in legumes is
carbon dioxide, hydrogen and methane [5-7]. Phytic acid shown to be reduced at varying  degrees based upon the
binds trace elements and macro-elements such as zinc, food preparation involved and the properties exhibited by
calcium, magnesium and iron, in the gastrointestinal tract various types of legumes themselves. Therefore, more
are making dietary minerals unavailable  for absorption information is needed about the potential nutritional
and utilization by the body. It can also form complexes implications of legume-based diets. Though extensive
with proteins, proteases and amylases of the intestinal information is available on the nutritive value of many
tract, thus inhibiting proteolysis. Moreover, the common legumes, the information available on the
phosphorus in phytate has been considered to be largely nutritive value of Indian bean is limited. Indian bean
unavailable to the organism because of the limited (Dolichos lablab L. var lignosus) is a lesser-known
capacity of monogastric species to hydrolyse phytate in legume, which has not received due attention by
the small intestine [8]. Phenolic compounds are biochemists and nutritionists. Thus, the present study
responsible for the bitterness and astringency of many was undertaken to study the changes of anti-nutritional
foods and beverages [9, 10]. factors like trypsin inhibitory activity, phytic acid,

primarily on their nutrient contents and presence or
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polyphenols and tannins of dried and germinated Inhibitory  Activity  (TIA) as number of Trypsin Units
cotyledons and also evaluated their changes on treatment Inhibited (TUI) and expressed as units/100 g dry wt.
with various cooking methods. 

MATERIALS AND METHODS Vanillin-HCl method of Price et al. [18]. Five gram of

Indian bean (Dolichos lablab L. var lignosus) seeds by using acidic methanol. One ml of suitably diluted
were obtained from the Agricultural farm of the Andhra extract was taken in a test  tube  and  5  ml  of freshly
Pradesh Agricultural University, Rekulakunta, Anantapur prepared vanillin-HCl reagent was added slowly with
andhra Pradesh, INDIA. Healthy seeds were sorted; mixing and colour developed was read  at 500 nm.
surface sterilized with 0.1% HgCl  and rinsed many times Catechin standards were run simultaneously along with2

thoroughly with sterile distilled water to remove the traces sample. The results were expressed as mg/100 g dry wt.
of toxic HgCl  left over on seed coats. The seeds were2

soaked for further 12 h in ten times of their volume of Estimation of polyphenols: Polyphenol substances were
sterile distilled water, following which the water was estimated by Folin-Denis method [19]. About 200 mg
strained and the seeds were spread on perforated trays defatted material was taken in a 250 ml round bottomed
lined with wet cloth and covered with another wet cloth. flask and 100 ml of 1% HCl in methanol was added. The
The seeds were allowed to germinate (sprout) at room contents were refluxed for 2 h, cooled, filtered and the
temperature 27±2°C for a period of 32 h. Sterile conditions volume was made up to 100 ml with acid-methanol after
were maintained by including 20 ppm of streptomycin few washings. 0.2 ml of extract was taken and 7.5 ml of
sulphate in the incubation medium (sterile distilled water). water and 0.5 ml Folin-Denis reagent were added and
Seedlings were withdrawn at designated time intervals mixed. To this, 1 ml of saturated sodium carbonate
and the cotyledons were carefully dissected out for solution  was  added  and  volume  made  up  tot 10 ml
analysis. with water, mixed and the absorbance was measured at

Separation and estimation of raffinose and stachyose: tannic  acid  equivalents/g  sample and expressed as
Alcohol extracts was prepared and clarified by the method mg/100 g dry wt.
of AOAC (Sec 6.002 and 6.075) described by Horwitz [14].
Raffinose and stachyose from the clarified alcoholic Estimation of phytic acid: Phytic acid was estimated by
extract were separated by paper chromatography and the method of Davies and Reid [20]. One g of material was
estimated by phenol sulphuric acid method [15]. The ground and extracted with HNO  by continuous shaking,
sugars on the strips were eluted with water and their filtered  and  made  up  to  suitable volume with water. To
concentrations estimated colorimetrically by using the 1.4 ml of the filtrate, 1 ml of ferric ammonium sulphate
modified phenol sulphuric acid method of Dubois et al. solution (21.6 mg in 100 ml water) was added, mixed and
[16]. The results were expressed as mg/100 g dry wt. placed in a boiling water bath for 20 min. The contents

Determination of trypsin inhibitory activity: Trypsin mixed. To this, 0.1 ml ammonia solution was added,
inhibitory activity was determined by the modified method shaken thoroughly and centrifuged at 3000 rpm for 10 min.
of Roy and Rao [17]. The activity of the enzyme trypsin The alcoholic layer was separated and the colour intensity
was assayed using casein as substrate and inhibition of was  read  at  465  nm  against  amyl  alcohol  blank  after
this activity was measured in the seed extracts. 15  min.  Sodium  phytate  standards  were run along with

Five g of defatted, pulverized seed material was the sample. The  results  were expressed as mg phytic
treated with 50 ml of 0.05 M sodium phosphate buffer pH acid/100 g dry wt.
7.5 and 50 ml of distilled water. The samples were shaken
for 3 h and centrifuged at 700 X 4 for 30 min at 15°C. The Estimation of phytate phosphorus: Phytate phosphorus
supernatants were diluted in such a way that there was an was estimated by combination of three methods.
inhibition between 40 and 60 per cent of control enzyme Extraction and precipitation was done according to the
activity. One trypsin unit is defined as an increase of 0.01 method of Wheeler and Ferror [21] and Makower [22] and
absorbance units at 280 nm in 20 min for 10 ml reaction phosphorus measured by the method of Fiske and Subba
mixture under the conditions described  and  Trypsin Row [23]. The results were expressed as mg/100 g dry wt.

Estimation of tannins: Tannins were estimated by

defatted seed material  was  used  for extraction of tannins

760  nm  after  30  min. The results were calculated as mg

3

were cooled and 5 ml of isoamyl alcohol was added and
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Statistical analysis: Each value presented in tables and Polyphenols and tannins were reduced to maximum by
figure represents mean±SE of 6 individual determinations, boiling and pressure cooking. Boiling and pressure
unless otherwise stated. The level of significance was cooking reduced polyphenol by 85% in raw seed and
calculated by student’s t-test. The resulting P values roasting brought about only 13% reduction. Similar trend
indicated in the tables. was noticed with tannins. Germination was more effective

RESULTS polyphenols and phytic acid than the various cooking

The dry seed composed of starch is the major
component (33%) and protein accounted for 25% of dry DISCUSSION
weight.  However,  the  fat  content  was notably lower
with only 0.8% and had high dietary fibre constituting Pulses are important sources of protein in the diets of
7.2%. Flatulence causing oligosaccharides-raffinose, millions of people in the world [24, 25]. However their
stachyose (Fig. 1),  trypsin  inhibitory  activity, phytic contribution to the nutrition of the consumer is limited,
acid, polyphenols, tannins and phosphorus, phytic acid principally due to poor digestibility and antinutritional
and phytate phosphorus of Indian bean seeds have been factors [2]. Soaking of dry Indian bean seeds for 12 h
studied during germination (Table 1 and 2). Effect of reduced the trypsin inhibitory activity, phytates, tannins
cooking  by  applying  three  methods-roasting,  boiling and total polyphenols to the extent of 51, 15, 35 and 43%,
and  pressure  cooking  on the same germinated respectively (Table 1 and 2). Soaking of mung bean seeds
cotyledons was also been tested (Table 3). in plain water for 12 h lowered phytic acid and

The raw dry Indian bean had a very high trypsin polyphenols of mung bean significantly. This decrease
inhibitory activity which progressively decreased by 51% was attributed to leaching out into soaking water along
during the 12 h soaking period which decreased gradually the concentration gradient. Similar losses of  phytic acid
to reach a level of 17% of the basal level of dry seeds at 32 [26], tannins [27] and polyphenols [28] during soaking
h germination. The trypsin inhibitory activity of raw seeds have   been   reported  earlier  for  various  legume seeds.
was found to be decreased by all the cooking methods The trypsin inhibitor activity had a drop after  six  day  of
employed. The maximum reduction was caused by germination indicating a possible increase on the
roasting. Pressure cooking resulted in increased loss of digestibility of the proteins [29, 30]. A significant decrease
trypsin inhibitors compared to boiling (Table 1 and 3). in the levels of raffinose and stachyose   was   noticed
Phytic acid and phytate phosphorus decreased during during 32 h germination study (Fig. 1).
soaking and as well during germination. Phytate
phosphorus constituted nearly 56% of total phosphorus
in the raw seed and 34% after germinating for 32 h.
Roasting reduced phytic acid to 8% followed by boiling
and then pressure cooking (Table 2 and 3). 

The mean value of polyphenolic compounds in the
raw seed was 3.5 mg % which decreased to a marked
extent during soaking (42%) and further by germinating
for 32 h. The overall fall in polyphenols was by 70% at the
end of 32 h germination period. The tannin component
was  nearly  ¼th of the polyphenolic component in the Fig. 1: Changes in the levels of raffinose and stachyose
raw  seed  which also fell during soaking and germination. of Indian bean seeds during germination period

method in reducing trypsin inhibitor activity, tannins,

treatments.

Table 1: Changes in trypsin inhibitory activity, tannins and polyphenols in Indian bean during germination
Germination period (h) TIU/100 g d.wt. (X10 ) Tannins mg/100 g d.wt. Polyphenols mg/100 g d.wt.3

Raw 1916.42±3.97 0.85±0.01 3.50±0.01
0 930.65 ±2.71 0.55 ±0.01 2.00 ±0.01b b b

8 675.18 ±4.95 0.50±0.01 2.00±0.01b

16 523.48 ±1.27 0.45±0.01 2.10±0.01b

24 390.52 ±1.25 0.39±0.01 1.00 ±0.01b b

32 318.51 ±1.33 0.40±0.01 1.05±0.01a
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Table 2: Changes in phosphorus, phytic acid and phytate phosphorus in Indian bean during germination

Germination period (h) Phosphorus Phytic acid Phytate phosphorus

Raw 430±0.52 82±0.33 243±0.52

0 430±0.33 70 ±0.33 230±0.52a

8 430±0.33 68±0.33 230±0.33

16 483 ±0.33 60 ±0.33 186 ±0.33a a b

24 483±0.33 57±0.33 184±0.33

32 498±0.52 52±0.33 171±0.33

Significance between 8 h interval, a: p<0.05, b: p<0.001, Indian bean seeds were imbibed in water for 12 h after surface sterilization and germinated in

perforated trays as described in materials and methods. At designated intervals of time the seeds were removed and processed as described in materials and

methods. Each value is the mean of±SE of six values

Table 3: Effect of cooking on antinutrient levels of Indian bean seeds

Cooking method Trypsin Inhibitor activity Phytic acid Total polyphenols Tannins

Raw seeds 1916.42±3.97 82.00±0.33 3.50±0.01 0.85±0.01

Roasting 1061.23 ±2.52 75.80 ±0.33 3.03±0.02 0.73±0.01b a

Boiling 1385.78 ±13.57 79.20±0.33 0.52 ±0.01 0.20 ±0.01b b b

Pressure 1172.34±24.77 80.23±0.33 0.48 ±0.01 0.20 ±0.01b b

Significance difference with raw seeds, a: p<0.05, b: p<0.01;   Dry seeds are subjected to cooking and preceded for antinutrients analysis as mentioned in

materials and methods. Each value is mean±SE of six values

The  residual  raffinose  was  only 50% of the initial beans decreased from 122 to 55 mg g  when boiled for 60
and the stachyose also  showed  similar  decrease  with min and as boiling time increases further significant
 an  initial  value  of 3.0 g at 0 h which fell 1.8 g by 32 h decrease was noticed. Similar decrease in the polyphenol
during germination. Studies of Alani et al. [31] indicated of  Indian  bean was observed (Table 2). Fenugreek
a  decrease  in  the flatus-related sugar content of cow sprouts had the highest phenolic content of 0.75 mg g
peas, especially stachyose when germinated for 24 h. FW on day 3 of germination which was approximately
Germination quantitatively reduces raffinose,  stachyose 25% higher. The higher antioxidant activity was observed
and  verbascose  while  sucrose  was  increased  in  all during early germination, which correlates to higher
seeds  except  red  lima beans and jack beans [12]. phenolic content, suggesting that initially phenolics are

Dehusking, germination, cooking and roasting have antioxidant in nature [34]. Soaking for 12 h, dehulling of
been shown to produce beneficial effects on nutritional soaked seeds and germination for different time periods
quality of legumes. The commonest process of preparing (24, 36 and 48 h) contributed significantly in reducing the
pulses for consumption at the household level is to cook phytic acid and polyphenol content of cowpeas. Removal
them by  boiling  in  water. The levels of antinutrients of seed coat (dehulling) of soaked cowpeas reduced the
were reduced  on  boiling of dry Indian bean (Table 3). polyphenols by 70-71% [35].
Tinsley et al. [32] reported 38 and 41% reduction of phytic Pressure cooking is popular method of cooking as it
acid in white and brown tepary beans, respectively and saves cooking time and conserves nutrients. The loss of
53, 7 and 16% reduction in fava, cow pea and chick pea, antinutrients was similar either by boiling or pressure
respectively by boiling. The tannin content of Indian bean cooking except in the case of TIA. A further loss of 11%
decreased to 76.47% on boiling. Egbe and Akinyele [33] in the TIA was noticed by pressure cooking compared to
investigated the effect of boiling on tannin content of lima boiling. Pressure cooking of pigeon pea seeds completely
beans and the level of tannins in raw beans was found to destroyed the TIA while it was reduced to the extent of
be decreased with increase in cooking time. Pretreatments 86-88% against the control in 48 h pigeon pea sprouts
had a significant effect on the changes in the chemical [36]. Roasting is method classified as dry-heat cookery
composition of faba beans and caused a significant where hot air is used as a medium of cooking. There was
decrease in the antinutritional factors, especially soaking 45% decrease in trypsin inhibitory units when Indian bean
followed by dehulling, whereas decortication led to a was roasted. Similar decrease was observed when
significant increase in phytic acid content [11]. Egbe and groundnut kernels were subjected to roasting [37].
Akinyele [33] demonstrated that total polyphenol of lima Roasting of Indian bean reduced the levels of phytic acid,

1

1
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tannins and polyphenols (Table 3). Heat treatment had 7. Wang, T.L., C. Domoney, C.L. Hedley, R. Casey and
been proved to be effective to remove phytates from M.A. Grusak, 2003. Can we improve the nutritional
seeds. The  results  showed  by Ibrahim et al. [38] that quality of legume seeds? Plant Physiol., 131: 886-891.
long-time soaking (16 h) caused remarkable reduction in 8. Drewnowski, A. and C. Gomez-Carneros, 2000. Bitter
the antinutritional factors. taste, phytonutrients and the consumer: A Review.

The level of antinutritional factors-trypsin inhibitory Am. J. Clin. Nutr., 72: 1424-1435.
activity, phytates, tannins and total polyphenols reduced 9. Delcour, J.A., M.M. Vandenberghe, P.E. Corten and
considerably with germination. Of the different cooking P. Dondeyne, 1984. Flavor thresholds of
processes employed with dry seeds, roasting was polyphenolics in water. Am. J. Enol. Vitic., 5: 134-136.
effective in reducing the phytic acid and TIA. Boiling and 10. Bravo, L., 1998. Polyphenols: chemistry, dietary
pressure cooking were effective in reducing total sources,  metabolism and nutritional significance.
polyphenols, tannins and TIA. However, the germination Nutr. Rev., 56: 317-333.
was more effective in reducing trypsin inhibitor activity, 11. Bakr, A.A., 1996. Effect of Egyptian cooking methods
tannins, polyphenols and phytic acid than the various of faba beans on its nutritive value, dietary protein
cooking treatments. The results obtained from this study utilization and iron deficiency anemia. 1. The role of
indicate that the germination is a simple biochemical main technological pretreatments. Plant Foods Hum.
enrichment tool to enhance the palatability, which Nutr., 49: 83-92.
incidentally may result in increasing the digestibility and 12. Oboh, H.A., M. Muzquiz, C. Burbano, C. Cuadrado,
nutritive value through its indispensable food ingredients. M.M. Pedrosa, G. Ayet and A.U. Osagie, 2000. Effect

REFERENCES oligosaccharide content of selected Nigerian legume

1. Messina, M.J., 1999. Legumes and soybeans: 13. Ramakrishna, V., P. Jhansirani and P. Ramakrishna
overview of their nutritional profiles and health Rao, 2006. Nutritional quality of storage proteins
effects. Am. J. Clin. Nutr., 70: 439S-50S. during germination of Indian bean (Dolichos lablab

2. Davila, M.A., E. Sangronis and M. Granito, 2003. var. lignosus) Seeds, Communicated.
Germinated or Fermented Legumes: Food or 14. Horwitz, W., 1965. Officical method of analysis. 10th
Ingredients of Functional Food. Arch. Latinoam Edn., Assoc. Offic. Agric Chemists, Washington DC.
Nutr., 53: 348-354. 15. Mc Kelvy, J.F. and Y.C. Lee, 1969. Arch. Biochem.

3. Urbano, G., P. Aranda, E. Go mez-Villalba, S. Biophys., 132: 99.
Freijnagel, J.M. Porres and J. Frìas et al., 2003. 16. Dubois, M.K., K.A. Gilles, J.K. Hamilton, P.A. Rebess
Nutritional evaluation of pea (Pisum sativum L.) and F. Smith, 1956. Anal. Chem., 28: 350.
protein diets alter  mild  hydrothermal  treatment  and 17. Roy, D.N. and P.S. Rao, 1971. Evidence, isolation
with and without added phytase. J. Agric. Food and  some  properties  of trypsin inhibitor in
Chem., 51: 2415-2420. Lathyrus sativus. J. Agric. Food Chem., 19: 257.

4. Vidal-Valverde, C., J. Frias, A. Herna´ndez, P.J. 18. Price, M.L., S. Van Scooc and Butler, 1978. A critical
Martìn-Alvarez, I. Sierra and C. Rodr guez et al., evaluaton of the vanillin reaction as an assay for
2003. Assessment of nutritional compounds and tannins  and  sorghum  grain.  J. Agric. Food Chem.,
antinutritional factors in pea (Pisum sativum) seeds. 26: 12-14. 
J. Sci. Food Agric., 83: 298-306. 19. A.O.A.C., 1984. Official Methods of Analysis.

5. Price, K.R., J. Eagles and G.R. Fenwick, 1988. Saponin Association of Official Analytical Chemists,
composition of 13 varieties of legumes seed using Arlington, VA.
fast atom bombardment mass spectrometry. J. Sci. 20. Davies, N.T. and H. Reid, 1979. An evaluation of
Food Agric., 42: 183-193. phytate, zinc, copper, iron and availability from soy

6. Suarez, F.L., S. John, K. Julie Furne, Troy T. based textured vegetable protein meat substitutes or
Lohrmann, Phillip S. Kerr and Michael D. Levitt., meat extruders. Br. J. Nutr., 41: 579.
1999. Gas production in humans  ingesting a 21. Wheeler, E.L. and R.E. Ferror, 1971. A method for
soybean  flour derived from beans naturally low in phytic acid determination in wheat and wheat
oligosaccharides. Am. J. Clin. Nutr., 69: 135-139. fractions. Cereals Chem., 48: 312. 

of soaking, cooking and germination on the

seeds. Plant Foods Hum. Nutr., 55: 97-110.



World J. Dairy & Food Sci., 1 (1): 06-11, 2006

11

22. Makower, R.U., 1970. Extraction  and  determination 31. Alani, S.R., D.M. Smith and P. Markakis, 1990.
of  phytic acid in beans (Phaseolus vulgaris). Cereal Changes   in -galactosiase   activity   and
Chem., 47: 288. oligosaccharides   during   germination   and

23. Fiske, C.H. and Y. Subba Row, 1925. The colorimetric incubabtion of cow peas (Vigna unguiculata). Food
determination of phosphorus. J. Boil. Chem., 66: 375. Chem., 38: 153-158.

24. Varma, P. and U. Mehta, 1988. Study of physical 32. Tinsley, A.M., J.C. Scheerens, J.O. Aleglego, F.H.
characteristics, sensory evaluation and the effect of Adan, K.C. Krumhar, L.F. Butler and M.J. Kopplin,
sprounting, cooking and dehulling on the 1985. Tepary beans (Phaseolus aurtifolius var
antinutritional factors of rice bean (Vigna umbellate). latifolias) a potential food source for African and
J. Food Sci. Tech., 25: 197. Middle Eastern cultures. Qual. Plant Foods Hum.

25. Millward, D.J., 2004. Macronutrient Intakes as Nutr., 35: 87.
Determinants of Dietary Protein and Amino Acid 33. Egbe, I.A. and I.O. Akinyele, 1990. Effect of cooking
Adequacy. J. Nutr., 134: 1588S-1596S. on the antinutritional factors of Lima bean

26. Ologhobo, A.D. and B.L. Fetuga, 1984. The effect of (Phaseolus lunatus), 35: 81.
processing on the trypsin inhibitor, haemagglutinin, 34. Randhir, R., Y.T. Lin and K. Shetty, 2004. Phenolics,
tannic acid and phytic acid contents of seeds of ten their  Antioxidant  and  Antimicrobial  Activity in
cowpea varieties. J. Food Process Preser., 8: 31. Dark Germinated  Fenugreek  Sprouts  in Response to

27. Khokar, S. and B.M. Chauhan, 1986. Antinutritional Peptide and Phytochemical Elicitors. Asia Pac. J.
factors in moth bean (Vigna aconitifolia): Varietal Clin. Nutr., 13: 295-307.
differences and effects of methods of domestic 35. Preet, K. and D. Punia, 2000. Antinutrients and
processing and cooking. J. Food Sci., 51: 591. digestibility (in vitro) of soaked, dehulled and

28. Jood, S., B.M. Chauhan and A.C. Kappor, 1987. germinated cowpeas. Nutr. Health, 14: 109-117.
Polyphenols in chick pea and black gram as affected 36. Duhan, A., N. Khetarpaul and S. Bishnoi, 2001.
by  domestic  processing  and cooking methods. J. Saponin content and trypsin inhibitor activity in
Sci. Food Agric., 38: 145. processed and cooked pigeon pea cultivars. Intl. J.

29. Roozen,   J.P.   and   J.   de   Groot,  1991.  Analysis Food Sci. Nutr., 52: 53-59.
of trypsin inhibitors and lectins in white kidney 37. Suryawanshi, J.R., R.N. Adsule and U.D. Chavan,
beans (Phaseolus vulgaris, var. Processor) in a 1989. Effect of processing and storage on phytate,
combined   method.   J.   Assoc.   Off.  Anal.  Chem., polypheols and tyrpsin inhibitor activity in
74: 940-943. groundnut kernels. Ind. J. Nutr. Dietet., 26: 191.

30. Neves, V.A. and E.J. Lourenco, 2001. Changes in 38. Ibrahim, S.S., R.A. Habiba, A.A. Shatta and H.E.
protein fractions, trypsin inhibitor and proteolytic Embaby, 2002. Effect of soaking, germination,
activity in the cotyledons of germinating chickpea. cooking and fermentation on antinutritional factors
Arch. Latinoam Nutr., 51: 269-275. in cowpeas. Nahrung, 46: 92-95.


