
SUMMARY AND CONCLUSION

 Chapter  I

     Some kinds of  leguminous seeds harvested mainly in the tropical 

and subtropical areas were analyzed for their nutrient components and 

antinutritional factors. The seeds contained a high level of protein 

(20% or more). Protein was extracted sequentially with 2% NaC1, 30% 

isopropyl alcohol, 4% lactic acid and 0.5% KOH from the seeds. The 

 NaC1 extract had the highest range of protein concentration (50% or 

more). The saline extract was separated into two fractions based on 

solubility in water. The water-soluble fraction  (WS) was made up of 

albumins and the water-insoluble  (WI) of globulins. In all cases, the 

content of  WI was higher than that of  WS. The amino acid compositions 

of the flour from the seeds and of  WI and  WS were determined. High 

contents of lysine, aspartic acid, glutamic acid and leucine were 

obtained, whereas the contents of the sulfur containing amino acids 

were low. Trypsin and chymotrypsin inhibitory activities were general-

ly observed in the leguminous seeds. Hemagglutinating activity was 

also found in the legumes. The seeds had high phosphorus contents in-

cluding phytate-phosphorus. 

     Among the legumes, winged bean (Psophocarpus  tetragonolobus) 

seeds had the highest range of protein (27.8-36.6%) and fat  (14.8-

17.9%). The values were similar to those of soybean. However, winged 

bean milk did not form solid curd like soy curd (tofu) under the same
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condition as manufacturing tofu.  Winged bean contained tannin  (1.35-

6.75 mg/g of bean) and phytic acid (7.77-12.03 mg/g of bean) as non-

protein antinutritional factors. Phytate-phosporus represented a con-

siderable percentage of the toatal phosphorus (44.3-54.8%). Chymo-

trypsin inhibitory activity was about twofold higher than trypsin in-

hibitory activity.  cr-Amylase inhibitory activity could not be detect-

ed in winged bean. Hemagglutinating activity was observed with re-

spect to all types of human erythrocytes (A, B and 0). However this 

activity disappeared completely after heating in a boiling water bath 

for 10  min.

Chapter II 

     The  cr-amylase inhibitory activities were found in various kid-

ney bean (Phaseolus vulgaris) seeds but not in other kinds of legumi-

nous seeds.  When kidney bean (var. Cranberry) seeds were soaked in 

distilled water for 15 h at room temperature, the inhibitory activity 

decreased, and after boiling treatment for 10  min it completely 

disappeared. However, dry heat treatment at  110°C for 30  min caused 

no loss of the activity. The activity level of  cr-amylase inhibitor 

in cranberry bean reached a maximum 4 days germination. A similar 

change was observed for the trypsin inhibitory activity. 

 cr-Amylase inhibitors were purified from two cultivars of kid-

ney beans (Phaseolus vulgaris), cranberry bean and kintoki bean, 

respectively. Both inhibitors were glycoprotein. Their molecular
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weights and carbohydrate contents were 45,000 and 14% for the in-

hibitor from cranberry bean, and 45,000 and 15% for that from kintoki 

bean, respectively. 

     The cranberry bean  a-amylase inhibitor (CBAI) exhibited in-

hibitory effects on pancreatic  a-amylases from the following  mam-

mals: pig, dog, cat, horse, sheep, cow, rabbit, guinea pig, rat and 

mouse. CBAI showed a maximal inhibition at pH 5.5 against porcine 

pancreatic  a-amylase (PPA). It was confirmed by gel filtration that 

a complex was formed in the  1:1 ratio between CBAI and PPA when they 

were incubated at  37°C for 30  min at pH 5.5. A similar inhibition 

pattern was also observed at pH 6.9 that is optimal for the  amylase 

reaction, but much higher concentrations of CBAI were required to 

give 50% inhibition at pH  6.9 than at pH 5.5. 

     CBAI was composed of three different subunits not linked by 

disulfide bridges and only one of them contained carbohydrate. Al-

though the inhibitor was stable at pH 3 to 7, it was heat labile at 

pH 3 and 5. Chemical modification of the amino groups and the guanido 

groups in CBAI molecule resulted in rapid loss of the inhibitory 

activity, respectively. Oxidation of the tryptophan residues also led 

to loss of the activity. On the other hand, reductive methylation of 

the amino groups scarcely affected the activity. CBAI was quite 

resistant to the proteolytic digestions by pepsin and trypsin, while 

it was seemingly susceptible to the action of chymotrypsin. 

     A rabbit was immunized with CBAI and the specific antiserum for
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it was obtained. The inhibitor distribution in legumes was  re-exam-

ined by the use of the antiserum. As the result, the inhibitor  iden-

tical in antigenicity was proved to be exclusively occurring in cul-

tivars of the same kind (Phaseolus vulgaris) but not in those of 

other kinds. Additionally its in vitro digestibility was investigated 

from both  immunochemical and  amylase-inhibitory viewpoints. The in-

hibitor was gradually inactivated by chymotrypsin digestion, although 

being resistant to pepsin and trypsin digestions, respectively. The 

antigenicity did not correspond with the inhibitor activity with 

regard to their loss in process of digestion; the former was left 

alive by half after the latter had disappeared. 

     CBAI was treated with  E14CDCHO and NaBH4 to modify the lysyl 

 e-amino group.  [14C]Labeled inhibitor thus obtained was used as a 

radioactive probe. The reductive  methylation of CBAI caused neither a 

significant change in its susceptibility to digestive enzymes nor in 

its immuno-reactivity with rabbit antiserum. Consequently, gastric 

emptying and intestinal transit of the inhibitor was represented by 

radioactivity measurement and simultaneously complemented by quan-

tification due to single radial immunodiffusion. As the result, the 

bulk of the inhibitor was found not to undergo digestion and absorp-

tion but to pass through the small intestine without a considerable 

loss of antigenicity and radioactivity. 

      No considerable increase was observed in the levels of intra-

luminal  a-amylase activity, blood sugar and plasma insulin in the
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animals given CBAI at a dose of 10 mg each. These results suggest 

that the purified preparation from cranberry bean serves in fact as a 

potent inhibitor of rat pancreatic  a-amylase. 

      The results of radioactivity and antigenicity measurements im-

plied that CBAI rid of digestion and absorption was transferred to 

the ileocaecum to some extent. Even so it is doubtful whether the in-

hibitor activity of CBAI remains intact there. However, it is highly 

probable that CBAI escapes intraluminal digestion beyond expecta-

tions, when the use of too much protease in the in vitro model ex-

periment is taken into consideration. Actually, intraluminal  a-amy-

lase activity was significantly low in duodenojejunum relative to the 

reference without CBAI loading. Therefore, CBAI would be useful as a 

non-poisonous pharmaceutics for the improvement in hyperglycemia and 

 corpulency.

123



 ACKNOWLEDGEMENTS

     The author wishes to express his sincere gratitude to Dr.  Fumio 

Ibuki, Professor of Kyoto Prefectural University, for his kind guid-

ance and encouragement and to Dr. Tsuneo Ikeuchi, Professor of Koka 

 Wemen's Junior College, for his thoughtful support and wise counsel 

through the course of this study. 

     The author is also greatly indebted to Dr. Kimikazu Iwami, As-

sociate Professor of Kyoto Prefectural University, for his valuable 

advice and useful suggestion. 

     The author is also deeply grateful to Dr. Masao Kanamori, Pro-

fessor Emeritus of Kyoto Prefectural University, for his continuous 

warm encouragement. 

     Thanks are also due to Mr.  Hideki Yoshikawa and the other 

staffs of the Laboratory of Food Science, Koka  Women's Junior  Col-

lege, for their helpful assistance.

124

REFERENCES

1) Ory, R.  L., Plant proteins: The ABCs. "Plant Proteins", ed. by 

  Ory, R. L., American Chemical Society,  Washington, DC, p. 1, 

  (1986) 

2) U.N. Items 8 and 9 of the Provisional Agenda E/Conference, 

  United Nations  World Food Conference, Rome, (1974) 

3) Sri Kantha, S. and Erdman, J.  W.,  Winged bean as a source of 

 protein: recent advances. "Plant Proteins", ed. by Ory, R. L., 

  American Chemical Society,  Washington, DC, p. 206, (1986) 

4) Sri Kantha, S. and Erdman, J.  W., The winged bean as an oil and 

   protein source: A review.  J., Am. Oil Chem. Soc., 61, 515, (1984) 

5) National Academy of Sciences, "The winged bean: A high protein 

   crop for the tropics", 2nd ed., National Academy of Sciences, 

   U.S. Government Printing Office,  Washington, DC, (1981) 

6) Liener,  I. E. and Kakade, M. L., Protease inhibitors. "Toxic 

   Constituents of Plant Foodstuffs". ed. by Liener. I. E., Academic 

   Press, New York, p. 7, (1980) 

7) Laskowski, M. and Kato, I., Protein inhibitors of proteinases 

   Ann. Rev. Biochem., 49, 593, (1980) 

8) Richarson, M., Protein inhibitors of enzymes. Food  Chem., 6, 

  235, (1981) 

9) Boisen, S., Protease inhibitors in cereals. Occurrence, 

   properties, physiological role and nutritional influence. Acta 

125



   Agric. Scand., 33, 369, (1983) 

10) Gallaher,  D. and  Schneeman,  0., Nutritional and metabolic 

   response to plant inhibitors of digestive enzymes. "Nutritional 

   and Toxicological Aspects of Food Safety", ed. by Friedman, M., 

   Plenum Press, New York, p. 299, (1984) 

11) Kneen, E. and Sandstedt, R. M., An amylase  inhibitor' from certain 

   cereals.  j, Am. Chem.  Soc., 65, 1247, (1943) 

12) Bowman, D. E., Amylase inhibitors of navy beans. Science, 102, 

   358, (1945) 

13) Buonocore, V. and Silano, V., Biochemical, nutritional and 

   toxicological aspects of  alpha-amylase inhibitors from plant 

   foods. "Nutritional and Toxicological Significance of Enzyme 

    Inhibitors in Foods", ed. by Friedman, M., Plenum Press, New 

   York, p. 483, (1986) 

14)  Garcia-Olemedo, F., Salcedo,  G., Sanchez-Monge, R., Gomez, L., 

    Royo, J. and Carbonero, P., Plant proteinaceous inhibitors of 

    proteinases and  a-amylases. "Oxford Surveys of Plant Molecular & 

    Cell Biology", vol. 4, ed. by Miflin, B. J., Oxford University 

   Press, London, p. 275, (1987) 

15) Marshall, J. J. and Lauda, C. M., Purification and properties of 

    phaseolamin, an inhibitor of  a-amylase, from the kidney bean, 

    Phaseolus vulgaris.  1, Biol. Chem., 250, 8030, (1975) 

16) Powers, J. R. and  Whitaker, J. R., Purification and some physical 

    properties and chemical properties of red kidney bean (Phaseolus 

126

   vulgaris)  a-amylase inhibitor.  1, Food Biochem., 1, 217, 

  (1977) 

17) Pick, K.-H. and  Wober,  G., Proteinaceous  a-amylase inhibitor 

   from beans (Phaseolus vulgaris) purification and partial 

   characterization. Hoppe-Seyler's Z. Physiol. Chem., 359, 

   1371, (1978) 

18) Frels, J.  M. and Rupnow, J. H., Purification and partial 

   characterization of two  a-amylase inhibitors from black bean 

   (Phaseolus vulgaris).  1, Food Biochem., 8, 281, (1984) 

19)  Lajolo, F. M. and  Filho, F.  F., Partial characterization of the 

   amylase inhibitor of black beans (Phaseolus vulgaris), variety 

   Rico 23.  J. Agric. Food Chem., 33, 132, (1985) 

20) Osborne, T. B., "The Vegetable Proteins", 2nd. ed., Longmas Green 

   and Co., London, (1924) 

21) Johnson, V. A. and Lay C. L., Genetic improvement of plant 

   proteins.  1 Agric. Food Chem., 22, 558, (1974) 

22) Khan, M. A., Jacobsen, I. and Eggum, B.  0., Nutritive value of 

    some improved varieties of legumes.  1, Sci. Food Agric., 30, 

   395, (1979) 

23) Pusztai, A., Clarke, E. M.  W., King, T. P. and Stewart, J. C., 

    Nutritional evaluation of kidney beans (Phaseolus vulgaris): 

    Chemical composition, lectin content and nutritional value of 

    selected cultivars.  1 Sci. Food Agric., 30, 843, (1979) 

24) Maes,  E., Progressive extraction of proteins. Nature, 193, 880,

127



  (1962) 

25) Association of Official Analytical Chemists, "Official Methods of 

   Analysis", 12th ed.,  Washington, DC, (1975) 

26) Mitsunaga, T. and Mitsuda,  H., Comprehensive extraction of 

   protein distribution profile in wheat grain.  1, Nutri. Sci.  

 Vitaminol., 21, 363, (1975) 

27) Evans, I. M. and Boulter, D., Crude protein and sulphur  amino 

    acid contents of some commercial varieties of peas and beans. 

 1 Sci. Food Agric., 31, 238, (1980) 

28)  FAO/WHO, Energy and protein requirements. "Report of a joint 

 FAO/WHO ad hoc expert  committee on energy and protein 

    requirements",  World Health Org. Tech. Rep. Ser. No. 522, Geneva, 

    Food and Agric. Org. Rep. Ser. No. 53, Rome, (1973) 

29) Young, C. T., Amino acid composition of three peanut varieties. 

 1, Food  Sci., 45, 1086, (1980) 

30) Osborne, D. R. and Voogt, P., "Shokuhineiyobuseki (translated 

    into Japanese under the supervision of Yoshikawa, S.)", Kodansya, 

    Tokyo, p. 148, (1980) 

31) Southgate, D. A. T., Detergent fibre methods. "Determination of 

    Food Carbohydrates", Applied Science Publishers, London, p. 131, 

   (1976) 

32) Kanamori, M., Ibuki, F.,  Yamada, M., Tashiro, M. and Miyoshi,  M., 

    Several properties of the partially purified proteinase inhibitor 

    in eggplant exocarp.  1„ Nutri. Sci. Vitaminol., 21, 429, (1975)

128

33) Junqueira, R. G. and Sgarbieri, V. C., Isolation and general 

   properties of lectins from the bean (Phaseolus vulgaris var. 

   Rosinha G2).  :I, Food Biochem., 5, 165, (1981) 

34) Hardinge, M. G. H., Plant fibers and human. "Topics in Dietary 

    Fiber Research", ed. by Spiller, G. A., Plenum Press, New York, 

   p. 117, (1978) 

35) Elkowicz, K. and Sosulski, F.  W., Antinutritive factors in 

   eleven legumes and their air-classified protein and starch 

   fractions. J. Food Sci., 47, 1301, (1982) 

36) Erdman, J.  W., Oilseed  phytates: Nutritional implications. 

 J. Am. Oil Chem. Soc., 56, 736, (1979) 

37) Maga, J. A.,  Phytate: Its chemistry, occurrence, food 

    interactions, nutritional significance and methods of analysis. 

   1, Agric. Food Chem., 30, 1, (1982) 

38) Allen, R. J. L., The eatimation of phosphorus.  Biochem.  J., 34, 

   858, (1940) 

39) Ogawa, M., Tanaka, K. and Kasai, Z., Accumulation of phosphorus, 

    magnesium and potassium in developing rice grains. Plant Cell  

 Physiol.   , 20, 19, (1979) 

40) Cerny, K., Kordylas, M., Pospisil, F., Svabensky,  O. and Zajic, 

    B., Nutritive value of the winged bean (Psophocarpus palustris  

 Desv.). Br. J.  Nutr., 26, 293, (1971) 

41) Cerny, K. and Addy, H. A., The winged bean (Psophocarpus  

    palustris Desv.) in the treatment of kwashiorkor. Br.  1, Nutr.,

129



   29, 105, (1973) 

42) Burns, R.  E., Methods of tannin analysis for forage crop 

   evaluation. Georgia Agric. Exp. Stn. Tech. Bull., NS 32, (1963) 

43) Okezie, B.  O. and Martin, F.  W.,  Chemical composition of dry 

   seeds and fresh leaves of winged bean varieties grown in the 

   U.S. and Puerto Rico. J. Food Sci., 45, 1045, (1980) 

44) Garcia, V. V. and Palmer, J. K., Proximate analysis of five 

    varieties of winged bean, Psophocarpus tetragonolobus (L.) DC. 

 1, Food  Technol., 15, 469, (1980) 

45)  Rockland, L.  B., Zaragosa, E.  M., and  Oracca-Tetteh,  R., 

    Quick-cooking winged beans (Psophocarpus tetragonolobus). 

 1, Food Sci., 44, 1004, (1979) 

46) Ekpenyong, T. E. and Borchers, R. L., Amino acid profile of the 

    seed and another part of the winged bean. Food  Chem., 9, 175, 

   (1982) 

47) Sathe, S. K., Deshpande, S. S. and Salunkhe, D. K., Functional 

    properties of winged bean  Psophocarpus tetragonolobus (L.) DC] 

    proteins.  1 Food Sci., 47, 503, (1982) 

48) De Lumen, B.  O. and Belo, P. S.  Jr., Inhibitors of trypsin and 

    chymotrypsin in winged bean (Psophocarpus tetragonolobus) tubers. 

       Agric. Food Chem., 29, 884, (1981) 

49) Kortt, A. A., Isolation and characterization of the trypsin 

    inhibitors from winged bean seed (Psophocarpus tetragonolobus  

    (L.) DC.).  Biochim. Biophys. Acta, 577, 371, (1979)

130

50) Kortt, A. A., Isolation and properties of a chymotrypsin 

   inhibitor from winged bean seed (Psophocarpus tetragonolobus  

   (L.) DC.). Biochim. Biophys. Acta, 624, 237, (1980) 

51) Omachi,  M., Ishak, E., Homma, S. and Fujimaki, M., Manufacturing 

   of tofu from winged bean and the effect of presoaking and 

   cooking. Nippon Shokuhin Kogyo Gakkaishi, 30, 216, (1983) 

52) Narayana, K. and Rao, M. S. N., Functional properties of raw and 

    heat processed winged bean (Psophocarpus tetragonolobus) flour. 

      Food Sci., 47, 1534, (1982) 

53) Dench, J.  E., Extraction of nitrogenous material from winged bean 

 Psophocarpus tetragonolobus (L.) DC] flour and the preparation 

    and properties of protein isolates.  1, Sci. Food Agric., 33, 

   173, (1982) 

54) Sathe, S. K. and Salunkhe, D.  K., Investigations on winged bean 

 [Psophocarpus tetragonolobus (L.) DC] proteins and  antinutri-

    tional factors.  j, Food Sci., 46, 1389, (1981) 

55) Gillespie, J. M. and Blagrove, R. L., Isolation and composition 

    of the seed globulins of winged bean, Psophocarpus tetragonolobus 

    (L.) DC. Aust. J. Plant Physiol., 5, 357, (1978) 

56) Yanagi, S., New food resource:  Winged bean. Kagaku to Seibutsu, 

   17, 702, (1979) 

57) Radhakrishnan, M. R. and Sivaprasad, J., Tannin content of 

    sorghum varieties and their role in iron  bioavailability.  1, 

    Agric. Food Chem., 28, 55, (1980)

131



58) Burns, R.  E., Method for estimation of tannin in grain sorghum. 

   Agron.  1,, 63, 511, (1971) 

59) Murao, S., Goto, A., Matsui, Y., Ohyama, K. and  Arai, M., 

    Isolation and identification of a hog pancreatic  a-amylase 

    inhibitor (Haim) producing  Streptomyces. Agric. Biol. Chem., 45, 

   2599, (1981) 

60) Lowry,  O.  H., Rosebrough, N.  J., Farr, A. L. and  Randall, R.  J., 

    Protein measurement with the folin phenol reagent.  1, Biol.  

   Chem., 193, 265, (1951) 

61) Tan, N. H., Rahim, Z. H. A., Khor, H. T. and  Wong, K. C.,  Winged 

    bean (Psophocarpus tetragonolobus) tannin level, phytate content 

    and hemagglutinating activity.  J. Agric. Food Chem., 31, 916, 

   (1983) 

62) De Luman, B.  O. and Salamat, L. A., Trypsin inhibitory activity 

    in winged bean (Psophocarpus tetragonolobus) and the possible 

    role of tannin.  a, Agric. Food Chem., 28, 533, (1980) 

63) Jaffe,  W.  G. and Korte, R., Nutritional characteristics of the 

    winged bean in rats. Nutr. Rep.  Int., 14, 449, (1976) 

64) Turner, R. H. and Liener, I. E., The effect of the selective 

    removal of  hemagglutinins on the nutritive value of soybeans.  1, 

    Agric. Food Chem., 23, 484, (1975) 

 65) Higuchi, M., Suga, M. and Iwai, K., Participation of lectin in 

     lectin in biological effects of raw winged bean seeds on rats. 

    Agric. Biol. Chem., 47, 1879, (1983)

132

66) Takahashi, K., Shirai, K.,  Wada, K. and Kawamura, A., Thermal 

   behavior of proteins under the condition of relatively low 

   moisture content. Nippon Nogeikagaku Kaishi, 54, 357, (1980) 

67) Mitsunaga, T., Asakura, N. and Shimizu, M., Changes in trypsin 

    inhibitors in wheat kernels during  germination. Nippon  

   Nogeikagaku Kaishi, 57, 857, (1983) 

68)  Tsurushiin,  S., Yoshida, K, and Fukuba,  H., Some properties of 

    protease inhibitor from black matpe (Phaseolus mungo L. var. 

   radiatus Bak). Eiyo to Shokuryo, 32, 321, (1979) 

69) Nagahiro, M., The distribution of  a-amylase inhibitors in 

   various beans. Eiyo to Shokuryo, 34, 341, (1981) 

70) Jaffe,  W.  G., Moreno, R. and  Wallis, V., Amylase inhibitor in 

    legume seeds. Nutr. Rep.  Int., 7, 169, (1973) 

71) Vesterberg,  O. and Svensson, H., Isoelectric fractionation, 

    analysis, and characterization of ampholytes in natural pH 

    gradient. 4. Further studies on the resolving power in connection 

    with separation of myoglobulins. Acta Chem. Scand., 20, 820, 

   (1966) 

72) Moore, S., On the determination of cystine as cysteic acid.  J. 

    Biol. Chem., 238, 235, (1963) 

73) Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A. and 

    Smith, F., Colorimetric method for determination of sugars and 

    related substances. Anal. Chem., 28, 350. (1956) 

74) Tsujisaka, Y., Purification of amylase. "Affinity  Chromato-

133



    graphy", ed. by Yamazaki,  M., Ishii, S., and  lwai, K. Kodansha, 

   Tokyo, p. 41, (1975) 

75) Sakano, Y., Takahashi, S. and Kobayashi, T., Purification and 

   properties of two active components from crystalline preparation 

   of porcine pancreatic  cr-amylase.  Dempun Kagaku,  30, 30, (1983) 

76) Powers, J. R. and  Whitaker, J. R., Effect of several experimental 

   parameters on combination of red kidney bean (Phaseolus vulgaris) 

 a-amylase inhibitor with porcine pancreatic  cr-amylase. J. Food  

 Biochem., 1, 239, (1977) 

77) Buonocore, V., Giardina, P., Parlamenti, R., Poerio, E. and 

    Silano, V., Characterisation of chicken pancreas  cr-amylase 

    isoenzymes and interaction with protein inhibitors from wheat 

   kernel. J. Sci. Food Agric., 35, 225, (1984) 

78) Frels, J. M. and Rupnow, J. N., Characterization of two  ce-

   amylase inhibitors from black bean (Phaseolus vulgaris). 

   J. Food Sci., 50, 72, (1985) 

79) O'donnell, M. D. and McGeeney, K. F., Purification and properties 

    of an  a-amylase inhibitor from wheat. Biochim. Biophys. Acta, 

   422, 159, (1976) 

80) Tanizaki, M. M. and Lajolo, F. M., Kinetics of the interaction of 

    pancreatic  cr-amylase with a kidney bean (Phaseolus vulgaris) 

   amylase inhibitor. J. Food Biochem., 9, 71, (1985) 

81) Arai, M., Oouchi, N. and Murao, S., Inhibitory properties of an 

    amylase inhibitor, Paim, from Streptomyces corchorushii. Agric. 

134

 Biol.  Chem„ 49, 987, (1985) 

82) Buonocore, V., Petrucci, T. and Silano, V.,  Wheat protein 

   inhibitors of  a-amylase. Phytochemistry, 16, 811, (1977) 

83) Kutty, A. V. M. and Pattabiraman, T. N., Specificity of plant 

   amylase inhibitors on ten pancreatic alpha  amylases.  J. Food  

 Biochem., 10, 117, (1986) 

84) Layer, P.,  Zinsmeister, A. R. and Dimagno, E.  P., Effects of 

   of decreasing intraluminal  amylase activity on starch digestion 

    and postprandial gastrointestinal function in humans. 

   Gastroenterology, 91, 41, (1986) 

85) Nagaraj, R. H. and Pattabiraman, T. N., Isolation of an amylase 

    inhibitor from Setaria italica grains by affinity chromatography 

    on Blue-Sepharose and its characterization.  1, Agric. Food  

   Chem., 33, 646, (1985) 

86) Kutty, A. V. M. and Pattabiraman, T. N., Isolation and 

    characterization of an amylase inhibitor from sorghum seeds, 

    specific for human enzymes.  1, Agric. Food Chem., 34, 552, (1986) 

87)  Willson, K. A. and Laskowski, M., Sr., Isolation of three iso-

    inhibitors of trypsin from garden bean, Phaseolus vulgaris, 

    having either lysine or arginine at the reactive site.  L. Biol.  

    Chem., 248, 756, (1973) 

88) Knowles, J. R., Sharp, H. and Greenwell, P., The pH-dependence of 

    the binding of competitive inhibitors to pepsin. Biochem. 1,, 

    113, 343, (1969)

135



89)  Weber,  K. and Osborn, M., The reliability of molecular weight 

   determinations by dodecyl  sulfate-polyacrylamide gel  electro-

   phoresis.  1, Biol. Chem., 244, 4406, (1969) 

90) Haynes,  R., Osuga, D. T. and Feeney, R.  E., Modification of 

    amino groups in inhibitors of proteolytic enzymes. Biochemistry, 

   6, 541, (1967) 

91) Patthy, L. and Smith, E. L., Identification of functional 

 arginine residues in ribonuclease A and lysozyme.  1 Biol. Chem., 

   250, 565, (1975) 

92) Spande, T. F. and  Witkop,  B., Determination of the tryptophan 

    content of proteins with N-bromosuccinimide. "Methods in 

    Enzymology", ed. by Hirs, C. H.  W., Vol. XI, Academic Press, New 

    York, p. 498, (1967) 

 93) Rice, R. H. and Means,  G. E., Radioactive labeling of proteins 

    in vitro.  1 Biol. Chem., 246, 831, (1971) 

94) Granum, P. E., Purification and characterization of an  a-amylase 

    inhibitor from rye (Secale cereale) flour.  1 Food Biochem., 2, 

   103, (1978) 

95) Silano, V., Pocchiari, F. and Kasarda, D. D., Physical charac-

    terization  ofcr-amylase inhibitors from wheat. Biochim. Biophys.  

    Acta, 317, 139, (1973) 

 96) Andriolo, S., Rouanet, J.-M., Lafont, J. and Besancon, P., 

     Inactivation of phaseolamin, an  cr-amylase inhibitor from 

    Phaseolus vulgaris by gastric acid and digestive proteases.

136

    Nutr. Rep.  Int., 29, 149, (1984) 

97)  Wilcox, E. R. and  Whitaker, J. R., Structural features of red 

   kidney bean  a-amylase inhibitor important in binding with 

 a-amylase.  1, Food  Biochem., 8, 189, (1984) 

98) Ouchterlony,  0., Diffusion-in-gel methods for immunological 

    analysis. "Progress in Allergy", Vol. V, ed. by Kallos, P., 

    Karger, Basel and New York, p. 1, (1985) 

99) Ouchterlony,  0., Diffusion-in-gel methods for immunological 

    analysis.  II. "Progress in Allergy", Vol. VI, ed.by  Kallos, P. 

    and  Waksman, B. H., Karger, Basel and New York, P. 30, (1962) 

100)  Mancini,  G., Carbonara, A.  O. and Heremans, J.  F.,  Immuno-

    chemical quantitation of antigens by single radial  immuno-

    diffusion.  Immunochemistry, 2, 235, (1965) 

101) Pick, K.-H. and  Wober, G., Proteinaceous  a-amylase inhibitor 

    inhibitor from beans (Phaseolus vulgaris) immunological 

     characterization. Hoppe-Seyler's Z. Physiol. Chem., 359, 

    1379, (1978) 

102) Menezes, E.  W. and Lajolo, F. M., Inhibition of starch digestion 

    by black bean  a-amylase inhibitor, in normal and diabetic rats. 

    Nutr. Rep. Int., 36, 1185, (1987) 

103) Bernfeld, P., Amylase, a and  S. "Methods in Enzymology", ed. 

     by Colowick, S. P., and Kaplan, N.  0., Vol. 1, Academic Press, 

    New York, p. 149, (1955) 

104) Plus,  W. and Keup, U., Influence of an  a-amylase inhibitor (BAY

137



    d 7791) on blood glucose, serum insulin and NEFA in starch 

    loading tests in rats, dog and man. Diabetologia, 9, 97, 

   (1973) 

105) Macri,  A., Parlamenti, R., Silano, V. and  Valfre, F., 

    Adaptation of the domestic chicken, Gallus  domesticus, to 

    continuous feeding of albumin  amylase inhibitors from wheat 

     flour as  gastro-resistant microgranules. Poultry Sci., 56, 

   434, (1977) 

106) Savaiano, D.  A., Powers, J.  R., Costello, M.  J.,  Whitaker, J. 

    R. and Clifford, A. J., The effect of an  a-amylase inhibitor 

    inhibitor on the growth rate of weanling rats. Nutr. Rep.  Int., 

    15, 443, (1977) 

107)  Lajolo, F.  M.,  Filho,  J. M. and Menezes, E.  W., Effect of a bean 

    (Phaseolus vulgaris)  cr-amylase inhibitor on starch utilization. 

    Nutr. Rep. Int., 30, 45, (1984) 

108) Malawer, S. J. and Powell,  D.  W., An improved  turbidimetric 

    analysis of polyethylene glycol utilizing an emulsifier. 

    Gastroenterology, 53, 250, (1967) 

109) Bo-Linn,  G.  W., Santa Ana, C. A., Morawski, S.  G. and Fordtran, 

     J. S., Starch blockers - their effect on calorie absorption 

     from a high-starch meal.New Engl.  L Med., 307, 1413, (1982) 

110)  Carlson,  G. L., Li, B. U. K., Bass, P. and Olsen,  W. A., A bean 

     alpha-amylase inhibitor formulation (starch blocker) is 

     ineffective in man.  Science, 219, 393, (1983)

138

 111)  Gray,  G., Intestinal digestion and maldigestion of dietary 

    carbohydrate. Ann. Rev. Med., 22, 391, (1971) 

112) Layer, P.,  Carlson,  G. L. and Dimagno, E. P., Partially purified 

    white bean amylase inhibitor reduces starch digestion in vitro 

    and inactivates intraduodenal amylase in humans. 

    Gastroenterology, 88, 1895, (1985) 

113) Ho, R. S., Aranda, C.  G. and Verrico, J. A., Species differences 

     in response to two naturally occurring  a-amylase inhibitors.  1. 

 Pharm.  Pharmacol., 33, 551, (1981)

139



AUTHOR'S PAPERS

Chapter I . 

  Section 1. 

     1.  Kanamori,  M.,  Ikeuchi,  T.,  Ibuki,  F.,  Kotaru, M. and 

        Kan,  K.K.: Amino acid composition of protein fraction 

       extracted from Phaseolus beans and the field bean 

       (Vicia faba L.). 

       Journal of Food Science, Vol.47,  1991-1994, (1982) 

  Section 2. 

     2. Ibuki, F., Kotaru, M., Yoshikawa,  H.,Ikeuchi, T. and 

        Kanamori,  M.: Protein content of leguminous seeds imported 

       for food and their antinutritional factors. (in Japanese) 

       Nippon Eiyo Shokuryo  Gakkaishi, Vol.39, 136-139, (1986) 

  Section 3. 

     3. Kotaru,  M., Yoshikawa,  H.,  Ikeuchi,  T.  Ibuki, F. and 

       Kanamori,  M.: Mineral and phytic acid contents of  legumi-

        nous seeds imported for food. (in Japanese) 

       Nippon Eiyo Shokuryo Gakkaishi, Vol.39, 140-142, (1986) 

   Section 4. 

     4.  Ibuki,  F., Kotaru, M. Kan,  K.K.,  Ikeuchi, T. and 

        Kanamori, M.: Chemical composition of winged bean 

        (Psophocarpus  tetragonolobus) varieties. 

        Journal of Nutritional Science and Vitaminology, Vol.29, 

       621-629, (1983)

140

Section 5. 

  5. Kotaru, M.,  Watanabe,  T., and Ikeuchi,  T.: Preparation of 

     bean milk (aqueous extract) from winged bean and its 

     gelation properties. (in Japanese) 

     Bull. Koka  Women's Jr. College, Vol.21, 11-20, (1983) 

Section 6. 

  6. Kotaru, M.,  Ikeuchi,  T., Yoshikawa, H. and Ibuki, F.: 

     Investigations of antinutritional factors of the winged 

     bean (Psophocarpus tetragonolobus). 

    Food Chemistry, Vol.24, 279-286, (1987)

 ChapterII. 

  Section 1. 

     7. Kotaru, M., Kimoto, F., Yoshikawa, H. and Ikeuchi,  T.: 

       Changes of  cr-amylase inhibitor activity in kidney beans 

       during heating and gemination. (in Japanese) 

       Nippon Eiyo Shokuryo  Gakkaishi, Vol.40, 240-243, (1987) 

  Section 2. 

    Part A. 

     8. Kotaru,  M., Saito,  K., Yoshikawa,  H.,  lkeuchi,  T. and 

        Ibuki,  F.: Purification and some properties of an  cr-amylase 

       inhibitor from cranberry bean (Phaseolus vulgaris). 

       Agricultural and Biological Chemistry, Vol.51, 577-578, (1987)

141



 Part B. 

  9. Kotaru, M., and Yoshikawa,  H.: Purification and  characteri-

    zation of  a-amylase inhibitor from kintoki bean (Phaseolus 

     vulgaris). (in Japanese) 

    Journal of   Home Economics of Japan,  Vol.39,  1065-1070, (1988) 

Section 3. 

  10.  Kotaru, M., Yoshikawa, H., Ikeuchi, T., Saito, K.,  Iwami, K. 

     and Ibuki,  F.: Specificity of cranberry bean  a-amylase 

     inhibitor in inhibition of mammalian pancreatic  a-amylases 

     and its formation of a complex with the porcine enzyme. 

     Journal of Nutritional Science and Vitaminology, Vol.33, 

    359-367, (1987) 

Section 4. 

  11. Kotaru,  M., Yeh,  H-Y., Yoshikawa, H.,  lkeuchi, T.,  Iwami, K. 

     and Ibuki, F.: Activity changes in cranberry bean  a-amylase 

     inhibitor by chemical modification and enzymatic digestion. 

     Journal of Nutritional Science and Vitaminology, Vol.35, 

     71-80, (1989) 

Section 5. 

  12. Kotaru,  M.,  Iwami, K., Yeh, H-Y. and Ibuki, F.: Occurrence 

     in  leguminous seeds and resistance to protease digestion 

     of  a-amylase inhibitor from the viewpoint of antigenicity 

     Food Chemistry., in contribution

142

Section 6. 

  13. Kotaru,  M.,  Iwami, K., Yeh, H-Y. and  Ibuki, F.: Resistance 

     of cranberry bean (Phaseolus  vulgaris) a-amylase inhibitor 

     to  intraluminal digestion and its movement along rat  gastro-

     intestine: Further investigation using radioactive probe and 

     specific antiserum. 

     Food Chemistry., in press 

Section 7. 

  14. Kotaru,  M.,  Iwami, K., Yeh, H-Y. and Ibuki, F.: In vivo  

     action of cranberry bean a-amylase inhibitor in rat small 

      intestine. 

     Journal of Nutritional Science and Vitaminology, Vol.35, 

    579-588, (1989)

143



学 位 論 文 要 旨

Studies on Antinutritional Factors 

        in  Leguminous Seeds

(豆 種 子 の反 栄 養 因 子 に 関 す る研 究)

小 垂 眞



1.は じ め に

　 豆 科 植 物 は 根 に 共 生 す る 根 粒 菌 の 作 用 に よ っ て 固 定 さ れ た 大 気 中

の 窒 素 を 利 用 す る こ と が で き 、 そ の 種 子 や 葉 は タ ン パ ク 質 含 量 が 高

く 、 と く に 完 熟 種 子 は 保 存 性 に 優 れ る 。 熱 帯 ・亜 熱 帯 産 の 豆 類 に は

限 ら れ た 地 方 で し か 栽 培 さ れ て い な い も の や 未 利 用 の も の が 多 く、

そ の 生 産 性 向 上 も 二 期 作 、 三 期 作 に よ っ て 可 能 で あ る こ と か ら 、 熱

帯 ・亜 熱 帯 地 域 で の 豆 類 栽 培 は 、 牧 畜 や 酪 農 の 適 さ な い 当 該 地 域 で

の 貴 重 な タ ン パ ク 質 資 源 と し て 有 望 視 さ れ る 。 一 方 、 豆 科 植 物 に は

消 化 酵 素 に 対 す る 阻 害 物 質(イ ン ヒ ビ タ ー)や レ ク チ ン な ど の 反 栄

養 因 了 が 存 在 す る こ と が 知 ら れ て お り 、 豆 種 子 を 有 効 に 利 用 す る た

め に は 、 消 化 吸 収 に 悪 影 響 を 及 ぼ す お そ れ の あ る こ れ ら 反 栄 養 因 子

の 性 質 や 作 用 に つ い て 明 ら か に し て お く必 要 が あ る 。 な か で も 、 タ

ン パ ク 質 性 の 消 化 酵 素 阻 害 物 質 に つ い て は ト リ プ シ ン や キ モ ト リ プ

シ ン に 対 す る"プ ロ テ ア ー ゼ ・ イ ン ヒ ビ タ ー"を 中 心 に よ く研 究 さ

れ て い る が 、　 α 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ タ ー に 関 し て の 知 見 は 少 な

い ○

　 本 論 文 は 、 豆 種 子 の 有 効 利 用 に 際 し て 問 題 と な る タ ン パ ク 質 や そ

の 他 の 成 分 に つ い て 栄 養 学 的 見 地 か ら 分 析 を 行 う と 共 にcranberry

bean(Phaseolus　 vulgaris)か ら 単 離 ・精 製 し た α 一ア ミ ラ ー ゼ ・ イ

ン ヒ ビ タ ー の タ ン パ ク 質 的 性 状 並 び に 動 物 消 化 管 に お け る 挙 動 と 作

用 発 現 の 有 無 に つ い て 検 討 を 加 え た も の で あ る 。

II.豆 種 子 タ ン パ ク 質 及 び 反 栄 養 因 子 の 分 析

　 熱 帯 ・亜 熱 帯 産 豆 種 子 の 栄 養 成 分 と 反 栄 養 因 子 に つ い て 分 析 し た。

こ れ ら の 豆 種 子 は 、 概 ね20%程 度 の タ ン パ ク 質 を 含 み 、 そ れ ら の 大

半 は2%NaClで 抽 出 さ れ た 。 ア ミ ノ 酸 分 析 の 結 果 、 含 硫 ア ミ ノ 酸 含

量 は 低 か っ た が 、 リ ジ ン 含 量 は 高 く 、 穀 物 と の 混 食 に よ る ア ミ ノ 酸

ス コ ア の 一 層 の 改 善 が 示 唆 さ れ た 。 熱 帯 産 の 四 角 豆(Psophocarpus

tetragonolobus)の タ ン パ ク 質 含 量(27.8-36.6%)と 脂 肪 含 量(14.8一



17.9%)は 大 豆 の そ れ に ほ ぼ 匹 敵 し た 。 今 回 の 実 験 で 試 料 と し た 豆 種

子 中 に は 、 反 栄 養 因 子 と し て 一 般 的 な タ ン ニ ン 、 フ ィ チ ン 酸 、 レ ク

チ ン 、 ト リ プ シ ン ・ イ ン ヒ ビ タ ー お よ び キ モ ト リ プ シ ン ・ イ ン ヒ ビ

タ ー が 含 ま れ て い る こ と を 確 認 し た 。

m.豆 種 子 α 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ タ ー に 関 す る 研 究

　 (1)α 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ タ ー の 分 布 と 発 芽 中 の 消 長

　 各 種 の 豆 種 子 に つ い て 　α 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ タ ー 活 性 を 検 討

し た と こ ろ 、Phaseolus　 vulgarisに 属 す る 栽 培 種 に の み イ ン ヒ ビ タ

ー 活 性 が 見 出 さ れ た 。 そ の 一一種(阻 害 活 性 の 最 も 高 い)　 cranberry

beanの 水 浸 漬 を 室 温 で15時 間 続 け る と 　α 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ

タ ー 活 性 は80%に 減 少 し 、 さ ら に 沸 騰 水 中 で10分 間 加 熱 す る と イ ン

ヒ ビ タ ー 活 性 は 消 失 し た 。 し か し 、 豆 種 子 を 直 接llO℃ で30分 間 乾

熱 処 理 し て も 　α 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ タ ー 活 性 に 変 化 は み ら れ な

か っ た 。　 Cranberry　 bean発 芽 種 子 中 の α 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ

タ ー 活 性 は 、 発 芽 開 始 後 四 日 目 で 最 大 と な り 、 そ の 後 次 第 に 減 少 す

る 傾 向 を 示 し た 。

　 (2)Cranberry　 beanα 一ア ミ ラ ー ゼ ・ イ ン ヒ ビ タ ー の 単 離

　 　 　 と 性 質

　 粉 砕 し たcranberry　 beanよ り 水 抽 出 、 熱 処 理 、 ア ル コ ー ル 沈 殿 、

DEAE-celluloseク ロ マ ト グ ラ フ ィ ー 及 びSephacryl　 S-200ゲ ル 濾 過

に よ り 電 気 泳 動 的 に 均 一 な 標 品 を 得(以 下 、CBAIと 略 記)、 そ の 性

質 を 調 べ た 。CBAIは 分 子 量 約45,000の 糖 タ ン パ ク 質(糖 含 蚤14%)

で 、 ジ ス ル フ ィ ド 結 合 に よ っ て 結 合 し て い な い3種 の 異 な る サ ブ ユ

ニ ッ ト か ら 構 成 さ れ 、 そ の う ち の1種 の み が 糖 を 含 ん で い た 。CBA[

の 阻 害 作 用 は 哺 乳 動 物 膵 α 一ア ミ ラ ー ゼ に 特 異 的 で 、　 微 生 物 や 植 物

の ア ミ ラ ー ゼ に は 作 用 し な か っ た 。CBAIと ブ タ 膵 α 一ア ミ ラ ー ゼ を

pH　 5.5、37℃ 、　 30分 間 以 上 放 置 し て お く と 、 両 者 は モ ル 比 　 1:1

のEI　 complexを 形 成 し た 。CBAI構 成 ア ミ ノ 酸 中 の ア ル ギ ニ ン 残 基

を1,2-cyclohexanedioneに よ り 、 ト リ プ ト フ ァ ン 残 基 をN-bromo-

succinimideに よ り 、 ま た 末 端 ア ミ ノ 基 を2,4,6-trinitrobenzene-

sulfonateに よ っ て 修 飾 す る と 阻 害 活 性 の 急 速 な 低 下 が み ら れ た 。

こ れ に 反 し 、 リ ジ ン 残 基 の ε 一ア ミ ノ 基 をformaldehydeで 還 元 メ チ

ル 化 し て も 阻 害 活 性 に 影 響 し な か っ た 。 ま た 、 人 工 消 化 試 験 の 結 果

に よ る と 、 キ モ ト リ プ シ ン 消 化 に 対 し て は や や 不 安 定 と 思 わ れ た が 、

ペ プ シ ン と ト リ プ シ ン 消 化 に 対 し て は 極 め て 安 定 で あ っ た 。

　 (3)In　 vivo胃 腸 管 で のCBAIの 消 化 抵 抗 性 と 生 理 作 用

　 [14C]メ チ ル 標 識CBAIと 抗CBAIウ サ ギ 抗 血 清 を 作 成 し 、 こ れ を 用

い てCBAIの ラ ッ ト 消 化 管 に お け る 挙 動 を 検 討 し た 。 胃 腸 管 各 部 位 で

の 放 射 活 性 及 び 免 疫 活 性(抗 原 量)測 定 の 結 果 、 投 与 さ れ たCBAIの

多 く が 消 化 吸 収 を 受 け ず に そ の ま ま の 形 態 で 胃 腸 管 を 通 過 し て い く

様 子 が 観 察 さ れ た 。 こ の 知 見 を も と に 、CBAIを 他 の 食 餌 成 分 と 共 に

meal-feedingの 条 件 下 に あ る ラ ッ ト に 経 口 投 与 し 、 食 後 の 血 中 グ ル

コ ー ス 濃 度 及 び 血 中 イ ン シ ュ リ ン 濃 度 の 変 化 を 追 跡 し た 。 そ の 結 果

CBAI投 与 ラ ッ ト の 腸 腔 内 プ ロ テ ア ー ゼ 活 性 に 変 化 は な い が α 一ア ミ

ラ ー ゼ 活 性 は 明 ら か な 低 値 を 示 し 、 食 後 し ば ら く 血 糖 値 及 び イ ン シ

ュ リ ン 濃 度 も 低 く 抑 え ら れ る こ と が 判 明 し た 。

IV.結 び に か え て

　 Cranberry　 beanか ら α 一ア ミ ラ ー ゼ イ ン ヒ ビ タ ー を 均 一 に 精 製 し

そ のinvivoに お け る 消 化 抵 抗 性 と 投 与 効 果 に つ い て 調 べ た と こ ろ

CBAIは 腸 腔 内 に お い て 膵 か ら 分 泌 さ れ た プ ロ テ ア ー ゼ の 作 用 を ほ と

ん ど 受 け ず に 　α 一ア ミ ラ ー ゼ を 阻 害 し デ ン プ ン 消 化 を 妨 げ た 。 こ の

こ と は 、CBAIが 高 血 糖 症 や 肥 満 な ど の 治 療 目 的 に 応 用 可 能 で あ る こ

と を 示 唆 す る 。


