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INTRODUCTION

From the time Immemorial, selection of safe and nutri

tious foods waa made on a trial and error basis* The outcome 

of this selection was that, from tbs neolithic era to the 

present, the leguminous'grains together with sane cereal grains, 

were chosen as food that nourished civilization after civili

zation in many if not in most regions of the world* In game 

area® legume foods were partially or totally replaced by, 

animal preducts while in others they have maintained their 

position as important sources of supplementary protein 

(Bressani and £lias, 1974)•

, i t

It is now widely recognized that agro-econcmic consi

derations necessitate the use of plant foods for meeting human 

nutrition requirements* The major plant foods available to the 

poor in developing countries are cereals, millets and legumes 
(Bilge, 1980)* '

legumes constitute one of the richest and cheapest
\

sources of dietary proteins for large segments of the world*a 

population, particularly in those countries in which the consum
ption of animal protein is limited by nonavailability or is 

self-imposed because of cultural or religious habits 

(Liener, 1962). Legumes are a;major source of food in the 

world with an annual production in excess of 100 million metric 

tonnes (Olson et al» 1982). The family ,Leguminosae* comprise 

approximately 600 genera with around 13*000 species, out of



which only a lew, about 20, are of economic importance as 

legume foods, which are consumed by humans either immature 

or dried*

Many of the cereals, and millets are* poor sources of 
protein because -of their deficiency in certain essential 
amino acids like lysine (e.g. wheat, maize) and tryptophan • 

(e,g. Jowar, kodri, maize) (Ramachandran and Phansa2kar,1956 j 

Kuppuawamy et al, 1353) or due to an imbalance of amino acids 
like leucine and isoleucine (Table **1). On-the other hand,

legume grains contain twice as much protein as cereal grains 

and are a rich source of lysine, although relatively low in 

total sulphur containing amino acids (Blias et, al, 1964j 

Blias and Bressani, 1974j Breseani, 1973)* legumes can be 

considered as a relatively concentrated source of protein, 

although compared with the FAO (1973) provisional amino acid 

scoring pattern, they are not ideal being low in sulphur 

containing amino acids. However, the high lysine content of 

most of the legumes, except for groundnut, means that they 
are cereals (Aykroyd eg, suL, 1982).

The principal species of legumes belong to the.
genera Pb&aeolus, Pisum, Cicer and Vicia, and they have

*..... . . —... *-

relatively high protein content (20-30%) in comparison with 
cereals, a low fat '(2-5%) and 'high carbohydrate (55-60?4) 

content. The oil-seed pulses, such as soybean (Glycine max) 
pea nut (Arachls hypogea), winged, bean (Tetragonolobus
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4
puroureusi and a part of lupine Cluoinus spp. ) are distinct 
in their group, because of their higher oil and/or protein 
content (Saio, 1980). Data en nutritional quality of various 
legumes are given in Table-2, which suggest that the forti
fication with limiting amino acids improves their protein 
quality and a considerable portion of pulse protein is not 
hydrolysed into amino acids in the digestion (Saio, 1980),

legumes are not only a good supplement to cereals 
because of their favourable amino acid composition (Table-3)
(Phansalkar et al. 1957; ...Ir.rrlhan, 1957;
Daniel et al, 1965; 1970; Bressani et al, 1974; Hallab 
et al, 1974) but also form a valuable source of nutrients 
like thiamin, niacin and iron (Table-4), Thus in poorer 
parts of the world, legumes act as a valuable supply of 
protein, calcium, iron, thiamin and riboflavin. Added to 
western diets, the contributions of legumes as supplements 
for animal products in terms of dietary fibre and complex 
carbohydrates would bring these diets closer to recommended 
dietary goals (walker, 1982),

Given tbs economic c cm pulsions of the situation pre
vailing in India, the average per capita income is Rs,2340 
per annum with a substantial proportion getting less than 
Rs. 1000-1200 per annum and land available being very less 
(0^.. R.R*D., 1987), a solution in terms of increased supply 

of milk, eggs, meat and industrially processed foods, is 
unthinkable and ; one- Kas to rely mainly on foods of plant
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8
origin,, itfhlle making reccrassendations for improving the nutritionpoor (Table-31«
of the/ fnc&a the largest area in the world under pulse 
crops. In this country, bengal gram, green gram, red gram 
and black gram are the chief legumes cultivated and consumed, 
all of which are easily dehusked and decorticated* The whole 
legumes are referred to as 'pulses* and the split ones 
as 'dhals*• lathvrua satlvus or 'kesari dhal* also forma a 
staple item in the diet of a ma^or part of rural population 
in parts of Madhya Pradesh, Uttar Pradesh and Bihar, in India*

For reasons, which scientists have yet to fathom, 
nature has seen fit to endow many plants with the capacity to 
synthesize a wide variety of chemical substances which are 
known to exert a deleterious effect when ingested by man and 
animals. Included among such plants are the many varieties 
of legumes (Liener/ 1975).

. Haw pulses contain a wide range of antinutritional 
( ant iphy Biological) factors end. toxic substances such as 
hemagglutinins, protease inhibitors, amylase inhibitors, 
allergens, cyanogens, lathyrus factors, goitrogenic factors, 
©estrogens, sapenine, antivitamin factors, metal binding 

constituents, flatus factors etc* (liener, 1962? rxf-~ ■: 1969i 
1976a; Jaffa, 196c|; Pusztai, 1967; Liener, 1980; Y&2ker,l982; 
blkowlcz and Sosulaki, 1982) (Table~6). According to 
Liener (1976$ presence of antinutritional factors is one

yof the main drawbacks limiting the nutritional and food 
qualities of the legume.
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11
It Is perhaps Ironic to note that although legumes 

have assumed such an important role in human diet, they have 
at the same time wide variety of substances whitsh may be 

considered toxic to the human body (Lianer, 1962)* through 

trial and error man has not only learned to avoid those 

foods which produce immediate ill effects, but he has also 

devised ways and means of eliminating them from others.

Osborne and Mendel (1917) observed that young rats 

given a diet containing heat treated soybean flour grow 

better than rata given raw soyflour. Subsequently, this 

was confirmed by a number of - investigators using a variety 
of experimental animals such as mice, pigs, chicks and 
ducklings (iiener et al, 1949; ijjayambashi and hymen, 1966; 

Gertler et al. 1967; Iiener and KaKade, 1969; 1980;

Hewitt et al, 1973; Kakade et al, 1973; Madar and Klein, 

1979). Ihe factors related to the improvement of the 

nutritional value fcy teat treatment wear© s 1) trypsin 
inhibitors and 2) temagglutinins, primarily. Ibeding 

soybeans and otter legumes containing active trypsin 
inhibitors to the animals causes deleterious effects like 

growth inhibit!esa, reduction in digestibility, hyperplasia 
and hypertrophy of pancreas (due to hypersecretion of 

pancreatic enzymes) and interference with the utilization 

of sulphur amino acids, partly or fully due to antitryptic 
activity of inhibitor (Liener, 1962; 1976p./kackis, 1965; 

Anderson et al, 1979; Rackis and Gumtsaann, 1981;
Gates and Morgan, 1982; Gallater and Scheenman, 1984; 

Gumbmann et al. 1986). kdible grade soy products containing



12

residual heat resistant trypsin .inhibitor activity have been 
shown to increase the risk of pancreatic neoplasia in rats 
(Gumbmann gt gJL, 1985? Morgan et al, 1986), Recently it has 
been suggested that foods with trypsin inhibitors do not 
initiate pancreatic cancer, but rathar they promote the 
development of pancreatic cancer Initiated by chemical other 
than trypsin inhibitors (Roebuck, 1987)* tn the other hand, 
there are other reports that various protease inhibitors 
including trypsin inhibitors may actually prevent some forms 
of cancer (Troll et. al, 1984; Wised et al, 1985). The corre

lation between the nutritive value of edible seeds and the 
content of protease inhibitors present is the subject of 
much controversy.

lectins (hemagglutinins) constitute a class of 
proteins characterized by their property to bind to carbo
hydrates and glycoproteins, and have been identified as the 
principal component responsible for the poor nutritive value 
of many legumes whan consumed in raw state (ilener, 1986),

The presence of these phytohemagglutinins in legumes 
which have the ability to agglutinate the red blood cells 
from various species of animals has long been recognised 
(Goodard and Mendel, 1929; Rtlssel efc al, 1946; IdeHer and 
Pallansch, 1952; Jaffe, 1969). These hemagglutinins are 
toxic when administered orally or Intravenously to mammals 
and birds (Jaffe, 1973; Liener, 1974), Regarding the effect 
of hemagglutinin on animals, many investigators have reported



growth retardation and an increased mortality rate in rats fed 
hemagglutinin containing legumes such as soybeans (Osborne and 

Mendel* 1917; iAener and Kakade, 1969} Nistan and Liener, 
1976a,b), kidney beans (Jaffa and Brucber, 1972} Coffey et al. 

1985) and navy beans (Kakade and Evans, i965a,b). Rancre&tic 

hypertrophy, increase in weight of the kidney and heart, and 

fatty metamorphosis of the liver are the major symptoms in 
animals fed raw beans containing hemagglutinins (de Muelenaera, 
1964; Kakade et al, 1965} Liener, 1976b). hemagglutinins are 

found to get bound to many of the structural and functional 
glycoproteins of various tissues including specific receptor 

sites on the surface of the intestine, a phenomenon that would 

account for the decreased absorption of nutrients like glucose 

in the intestine due to change in membrane permeability
(Jaffe, 1960; Jaffe and Came40, 1961} Clarke and Denbough,

IW;
1971; Steinman and Stryer, 1973; Etzler, l974;ACulvenor and 
weidmann, 1976; Jaffe, 1980). Pusztal et al. (1981s) observed 

that in rats fed kidney bean, the poorly digestible lectins 
react with the intestinal cells Ig. vivo causing destruction of 

many of the brush borders of the deadens! and jejunal enter©- 

cytes which leads to the abnormal absorption of potentially 
harmful substances. Recently it has been established that the 
toxicity of lectins has been attributed to the fact that they 

bind to glyc©conjugates located on the luminal surface of the 
gut, causing morphological changes, leading to an impairment 

in the normal physiological functions of the intestine 
(King et, al, 1980; 1982; Rossi et, al, 1984; Dcnatuccl et, al. 

1987).
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Phytic acid, commonly called myo-inositol bexaphos- 

phate or 1,2,3»^*5*6-hexakis (dihydrogen phosphate) myo
inositol (IUPAC-IUB, 1968) is present as phytic (a mixture 
of calcium, magnesium and potassium salt of phytic acid) 
in almost all the legumes and some cereals upto a level of 
approximately 5% by weight (de Boland et al, 1975). Phytic 
acid cJnealtes divalent cations like calcium, magnesium, iron 
and zinc to form insoluble complexes which are not readily 
absorbed in the intestine i Davies and Nightingale, 1975s 
Davies, 1979 ; Davies and Olphin, 1979j Taylor and Coleman,
1979; He inhold et al, 1980). The prolonged ingestion of a 
diet containing high content of phytate has been implicated 
in the aetiology of certain skeletal disorders (Ford et al,. 
1972a,b; Relnhold et aj., 1973). Rickets end Osteomalacia are 
reported to be common among populations in Northern India and 
Pakistan where wheat bread is consumed in excess, suggesting 
that high content of phytate in wheat may interfere with 
calcium absorption (Vaishnava and Rizvi, 1971). The inter- 
action of phytate with zinc (2n ) has been reported in the
rats, chicks and man (Davies and Nightingale, 1975; Ran hot ra 
et al. 1978; Solomons et al, 1979). Phytate tea also been 
shown to have an inhibitory action against enzymes such as 
pepsin, °c -amylase and trypsin (Kanaya et al, 1976;
Kadhav Singh and Krikorian, 1982; Desphpande and Chsryan, 1984;. 
KnucJfiles et al, 1985). Phytate affects the body by forming 
protein-phytic acid, phytic acld-mineral-proteln and other 
related complexes (Cheryan, 1980; Wise, 1983; Knuckles els, al. 
1985). Zinc deficiency produced by dietary phytate is 
implicated in the loss of immune functions in mice (leucke, 
1978; de Pasquale e£ al, 1979). However, it has been reported



that over a period of time adaption to high pfeytate diet may 
occur in people taking high phyta.be diet (Shaskami and Reddy, 

1979). Studies cn germ free and conventional rats by rdse and 
Gilbert (1982) indicate that only bacterial pfcytase is 

involved in the digestion of pbytate in gastrointestinal 
tract, Tannins (which are present in Sorghum and several 
legumes}are known to impair utilisation of proteins in human 

and animal diets by binding with and coagulating; protein 
(Butler et al, 1904j Reddy et al, 1965)« A number of anti

nutrients may reduce the bioavailability of plant seed 

proteins through their inhibitory activities towards the 
digest ion or absorption (Ikeda et al, 1986),

Among the legumes, soybeans and peanuts have been 
reported to produce goitrogenic effects in animals (Van ktten, 
1969)* Several workers (Van tfyk et al, 1959; Hydowitz,i960^ 

have reported a number of cases of goiter in human infants 
fed soybean milk. The goitrogenic principle frem soybeans 

has been partially purified and characterised as a low 
molecular weight oligopeptide composed of two or three amino 
acids or a glyeopeptide consisting of one or two amino acids 
and a sugar (iionijn et al, 1972; 1973)* Raw kidney beans 

are believed to contain an antagonist of vitamin £ as 

evidenced by liver necrosis- in rats and muscular dystrophy and 
low levels of plasma tocopherol in chicks (Hints and Hogue, 
1964; Deaai, 1966), Hdelstein and Guggenheim (1970a,b) 

demonstrated that untested soy flour is deficient in 
vitamin and contains a teat labile substance that
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increases the requirement for vitamin Broad beans
contain substances viz, divicine and isouramiX which catalyze 
the oxld&tirai of glutathione and cause a disease known as 
'favisn* (nonoao et al. 1969; Mager et al.1969), ^apcnins 
present as triterpend glycosides in significant amounts in 
legume grains (Gakenfull, 1984) impart bitter taste to plant 
foods and cause ply Biological disturbances and toxicity to 
human system (George, 1965), Sapcnins, also lowers levels 
of plasma cholesterol (Cakenfull et 1979} Cbeeke,l976).

The indigestible substances present in cereals and 
legumes are cellulose, hfimiceUuloset mucillages, pectins, 
saponins, glycosides and alkaloids (HcCance and Widdowson, 

1946; Aykroyd and Doughty, 1964; Svaminathan, 1967} Liener, 
1969), They are not acted upon by the digestive enzymes of 
the gastrointestinal tract and are mainly excreted in the 
feces.

Among all the toxins and antlnutriticnal factors 
which are present in legumes, flatulence producing m£ 

oligosaccharides (which are present in almost all the legumes) 
and neur©toxin (which is present in JU, sativus) are described 
further in detail.

Flatulence producing oligosaccharides :

Carbohydrate serves as the ma^or source of fuel or 
energy in the average human diet (approximately 46ft) of this, 
much is in the form of polysaccharides, 20ft as starches and 

dextrins, largely derived from plant foods.



17
The utilization of carbohydrate part of the diet is 

governed by three rna^or factors viz, its breakdown by digest
ive enzymes in intestinal tract, transport of monosaccharides 
across the mucosal membrane of small intestine and finally 
intracellular phosphorylation allowing entry into the meta
bolic processes, hence only carbohydrates which have 
structure compatible with structural requirement of each of 
the above systems will be of nutritional value. Thus the 
carbohydrates which we consume can be divided into dietary 
and non-dietary, Ma^or dietary carbohydrates of man consists 
of starch, sucrose, maltose, lactose, glucose and fructose.
Free sugars are not attached by digestiVE.; enzymes, but are ' 
absorbed intact through small intestine. Cellulose hemieellu- 
lose, pentosans and raffiaose family of oligosaccharides are 
aandlgestible carbohydrates of humans'. * However, due to 
absence of necessary tissue enzymes the galactos&ccharides 
of the raffiaose family (flatulence producing oligosaccharides) 
are microblally metabolized in the distal part of the intestine

Oligosaccharide a ere numerous in plants and can ba 
classified into two classes: the primary and secondary 
oligosaccharide a (Handier and Hopf, 1980), Primary oligo
saccharides comprise those oligosaccharides synthesized 
in vivo from a mono- or dig©saccharide and go glycosyl donor 
by the action of a glycosyltransferase. They occur free In 
significant amounts in plants and are of metabolic relevance, 
e.g, primer function, energy storage, translocation, frost 
resistance etc. Secondary oligosaccharides comprise all
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. oligosaccharides arising by hydrolysis of higher oligosaccha
rides, polysaccharides» glycoproteins and glycolipifis in vivo 
or in vitro which, exert their Sanction as structural components, 
vligosacch&rides based cn sucrose are primary oligosaccharide s 
which are formed by the transfer of galactopyranosy 1, glypo- 
pyraaosyl or fructofuranosy 1 reeiduea to sucrose. Thus 
r&xfinose family of oligosaccharides which are formed by the 
transfer of galactopyranosyl residues to sucrose are parimary 
oligosaccharides. Sucrose is also an Important precursor for 
the synthesis of D«glucosyl esters of nucleoside diphosphates 
and thus takes part in the biosynthesis of complex oligo and 
polysaccharides (Dey, 198D).

The raffinose family of oligosaccharidea is constitu
ted of sugars related to raffinose by the fact of having one 
or more oc-b-galactopyranosyl groups In their structure,
Ti.g.1 shows the
members of this family/, where the basic unit is sucrose and 

-galactose units are bound to glucose^. These’ D-galaetosyl 
groups are found in nature joined to sugars such as D**glncose, 
to sucrose, to certain polysaccharides, and to a few non- 
sugars such as glycerol and inositol (French, 1954).

The oligosaccharides of raffinose family are widely
distributed .in higher plants (french, 1954; Handler and
fiopf, 1982; bey, 1985), These galactosyl derivatives of 

are
sucrosQ^accumulated in leaves during photosynthesis 
(Sensor end Handler, 1967) and in seeds during maturation 
(Amuti and Pollard, 1977). When raffinose is accumulated' in



F(<3 ,d_ The rafRnose series of oligosaccharides. RafTinose: O-a-0-gaIaclopyninosyl-(l-6)-t>- 
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higher concentrations, it is virtually always accompanied by 
stachyose and at least traces of verbascose (Kandler and 
Hopf, 1980)* Among ths. oligosaccharides, raffinose and 
sfcachyose are wide spread id plants, mainly accumulated in 
storage organs, whereas verbascose and ajugoae are less 
abundant in plants (Migam and Girl, 19615 Jeremies, 1962j 
Lehman and Me Ilory, 196?)* These members of raffinose 
family of oligosaccharides are present in appreciable concen
trations in the nutritionally important food legumes (Table-7)• 
Soybeans have the highest levels of raffinose (1*950 and 
staGbyose (5«2&) while chickpeas and pigeon peas have the
high levels of verba sc ose (4.2%) (Hardings et al, 1965? 

sCri^ofaro et al, 1974? Goel and Verma, 1981).

The kinetics of the synthesis of these oligosaccha
rides are typical of reserve substances. The formation of 
oligosaccharides during photosynthesis has been demonstrated 
by several workers (Trip et al, 1963? Senser and Kandler, 1967? 
Tanner, 1969? King and Zeevart, 1974). It was found that
in the leaves of several plants subjected to photosynthesis 

i4in presence of COg, radioactive incorporation takes place 
in raffinose, stachyose and an unidentified oligosaccharide 
that has four B-galactosyl residues (Nikaido and Hassid, 1971)* 
Sufficient igL vivo and in vitro evidences have accumulated 
to describe the biosynthesis of the raffinose series of oligo
saccharides as a sequential action of series of cc. -D-galactosyl 
transferases (GT) catalysing the reactions as shown In Fig.2* 
According to Dey (1981), galactinol is known to serve as a 
D-galaetosyl donor in D-galaetogylatiaa reactions catalyzed



TABUu-7 i Distribution of flatulence producing oligosaccharides in seeds of various 
legumes and cereals.
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| Total I Oligosaccharide content i&a/lOQSo£ total dry wt.
iegume/Cereal * cerbo- ,,-n——r -—■ -......

* hydrate | Raffinos© I Stacterese I Verba sc oaef/r^\ t i v fI ^ J I J
u* — mm m mmmmummrnmtwm ymmm tmm*» wrmm mmmmmm hi m —i mmiwumi—<w«m—m m mnmm mu mans we wmwpi n iniCTwiiwwwiMwwi—fcOBMii'wm'wmMwwiMi^

Chick pea 60.9 1.0 2.5 4.2
C ow pea 54*5 0.4 2.0 3.1
Fie ld beans 60.6 0.5 2.1 3.6
Horse gram 57.2 0.7 2.0 3.1
lentils 59.0 0.6 2.2 3,0
lima beans 57.0 - 0.2 mm

Green gram 56.7 0.8 2.5 3.8
Black gram 59.6 0.5 1.8 3,7
Peas (yellow) 56.5 1.1 2.7 4*1
Soybeans 20.9 1.9 5.2 -
Groundnuts 38.0 0.89 1*5 mm

Kidney beans 60.6 0.39 5*6 •
Red gras 57.6 1.10 2.70 4.10
Horse beans » 0.023 1.07 1 *14
Barley 69.6 0.79 - —
Wheat 71.2 0.71 mm -
Corn 66.2 0.31 - - ,
Rice 78.2 .mm mm ' -
Rye r 0.71 - -

Values derived from fJardinge et al.(i965); 
Kuo et alTTl558) Cristofaro et al.(l974)t l

et a^. *•-*3athe2Tl983) and ttmxm
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myo-Inositol

UDP-n-galactose

• 2_ —Pustulated Pathway fur the Biosynthesis el" the Halfino.se Family of (>l
Kosueeiiuruies.
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by specific enzymes and a pathway involving galactinol as the 
D-galactosyl donor is the most Important for the biosynthesis 
of raffinose family of oligosaccharides in plants.

In 1962, Korytnyk and Metzler showed the formation of 
raffinose and its higher hosologs in the maturing beans of 
ffhoseolus lanatus. and suggested the participation of 
UDr-D-galactose as the D«galact©iiyl donor in the biosynthesis. 
Bourne and coworker a (1962) demonstrated that an enzyme prepa
ration from the mature seeds of Viola faba is able to synthesize 
raffinose when incubated with a mixture of sucrose, -b-gala- 
ctoayl phosphate and UTP, It was suggested that the later two 
compounds react enzymatically and produce UDP-D->g&lactose, 
D-g&laetoayl group of which is then transferred to sucrose to 
form raffinose. Although the two enzymes galactinol sucrose- 
-6-galacto^rl transferase (GST) and galactinol s raffinose-6- 
galaetosyl transferase (GRf) exhibit some hydrolytic activity, 
they differ clearly fro© ©c-galactosidases according to some 
group of workers (Handler and Kerbert-Hopf, 1980), However, 
earlier studies carried out by Day and Pridfaam (1972) 
suggested that oc -galactosidases from seeds catalysed transfer 
of the galactosyl group of oc-D-galactosldasc. ^ to sucrose, 
raffinose and other higher oligosaccharides.

She important functions of oligosaccharides in plants 
ere ; good source of carbohydrate reserve, in vegetative 
steerage organs (Warner, 1958} Jeremias, 1969; Bey and 
Pridheua, 19ff-}, role in cold-acclimation (Levitt, 1962} 1972}
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Alston and Herman, 1971? larcfaef et al, 1973? Day, 1985), 
pfc.pt operiodism (Handler et .al. 1979), primer for the 
synthesis of higher oligosaccharides (Ley,, 4 198D)
and importance in sugar translocation (Ziegler, 1975).
Handler erfc al* (1979) showed that raffinose synthesis and 
cold acclimation are strictly coupled even under the influ
ence of unnatural combinations of different photoperiods.
By M vitro experiments, it has been shown that protoplasmic 
membranes of plant cells are damaged in frost and drought 
and this damage can be protected by some mono and oligo
saccharides (Heber and dantarius, 1964? Santarius and He her, 
1967). It has been suggested that affinity of the hydroxyl 

groups for water may influence the micr ©environment of the 
labile membrane bound proteins, thus stabilizing them against 
different stress conditions by binding directly to the protein 
molecules preventing their den&tumtica (Levitt, 1972? 
Santariue and Mild®, 1977).

In several plant ps species, the levels of raffinose 

saccharides in seeds have been shown to decrease during 
germination (lald&l et al. i960? tfazur et al, 1962; Aman,l979?. 
fted<^ and Salunkbe, 1980^; Daman gt al. 1982? Abdullah et al. 

1984? Ologhobo and Fetuga, 1986). Detailed information 
regarding:' the mobilisation of these oligosaccharides in 
seed components during germination is limited. However, 
recent studies done by Huo et al. (1988) suggest that 
raffinose saccharides are hydrolyzed directly in cotyledons 
during germination rather than being transported to embryonic 
axes for metabolism.
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The enzymes Involved in the degradation of the 

raffinose series of oligosaccharides are «<. -galactosidase 

and -D-fructofuranosldase, the levels of which increase
during germination, of seeds (Dey, 1973; Rri&ham and Day, 1974). 

Kelibiose, the splitting product of raffinose after the 

action of p -D-fructofuranosidase has been found in storage
organs and even in areas which contain large amount of •

/

raffinose.

The metabolism of the members of the raffinose family
of oligosaccharides in humans would require the presence of

oc -galactosidase in the intestines. However, such an enzyme
does not seem to be present in man and other animals
(Gitzeliaann and Auric Ohio, 1965; Rutioff et 41, 1967; 

etelj ^
Cristofaro^ 1974) • A significant problem associated with the 

use of legumes in developed countries is poor consumer acce- 

tability due to gastrointestinal discomfort and flatus 
production (ftackis et al. 1970; Calloway et al, 1971; Cristo- 
xaro.et al. 1974; Olson et al. 1981). The cc-gala,ctosi&#5? 

principally raffinose, stachyose, and verbascose have been 
identified as important contributors to these adverse physio

logical effects.

Blair et al, (1947) were among the first investigators 

to quantitate the production, of flatus in man and to show 
that soybean increased gas production. Steggerda (1962,1565, 

1968) working with human subjects indicated, that when beans
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are consumed, the normal physiology of the ga srfcr olntestinal
tract is altered so that flatulence production is markedly
stimulated,, He observed, that with a pork-bean diet, fed to
human subjects, flatus production increased from 16 csrVhr

*2

m a normal diet to an average volume of 190 car/hr.
Further experiments suggested that <*, -galaci aside a (raffinose 
and stachyose) were the principle sources of gastrointestinal 
gases from soybean ingested by either man or dog (Steggerda 
et al, i966j Staggerda, 1963). • Members of raffinose family ■ 
of oligosaccharides are not digested by man and other animals 
mainly because the intestinal mucosa lack the hydrolytic 
mzym oc-galactosidaae and the oligosaccharides themselves 
are unable to pass through the intestinal wall due to their 
high molecular weights. (Talafl&l et al. 1965} 1967} Krause et al. 
1968). The microflora In the lower intestinal tract (colon) 
then metabolise the oligosaccharides and produces nitrogen, 
oxygen, methane, hydrogen and carbon dioxide and the pH is also 
lowered (Harding® et al, 1965} Calloway «r£ ga^, 1966j 1971; 
Hellendoom ot al, l96€}j Crist ofar© et a^L, 197% Olsen et al. 
1975)« Evidently, the oligosaccharides are first broken down 
to their constituent monosaccharides before the gas producing 
mechanism can operate • In 1967-63 Steggtrda, performing 
experiments both on man and animals, investigated that 
Clostridia group of organisms usually inhabit the gastro
intestinal tract of man and animals and this flora is respon
sible for flatus with high concentration of-carbon dioxide 
following ingestion of bean products. These ret suits *®re _ ■ 
confirmed by Richards al. (1968) who proved that bacteria 
must be later- m Sacks and uum



27
(1979) have shown that different ©trains of £*. perfringens 

vary greatly in their ability to utilize and grow an mffl- 
nose and stachyose when these, sugars were added to a ease in 
digest medium intro.

In vitro experiments of Rockland ©& §4* (1969) and 
Jtackis et §1. (1970) found that the gas producing factor is ■ 
closely associated with the oligosaccharides of the leguminous 
seeds. Steggerda et al. (1966) and Rackis e£ al* (1970) 
studied the effect of crude 70> ethanolic extract of soybean 
on flatulence production in man end showed that it is largely 
due to the oligosaccharides present in this fraction, while 
soybean protein fraction was found to be ncn-flatulent. fhus 
the presence of raffinose family of oligosaccharides in the 
diet contribute to gastrointestinal problems which can cause 
a perscu to have flatulence and the problems associated with

VJ2,
flatus^rectal gas expulsion^:1 •* headache, dizziness, • 

abdominal rumblings, pain, cramps, nausea and diarrhoea 
(Grist ©faro et 1974 s la seer ©£ al, 1975, Tobin and 
Carpenter, 1978j Olson eib al, 1981). The .gas that develops 
frna the microbial activity in the coles. is mors likely to be 
trapped in the pockets where it is formed producing pain 
during, intestinal contractions. According to Olson et al. 
(1981) belching, bloating, constipation, diarrhea, overeating, 
anxiety and specific food responses have all been associated 
with symptoms known as flatulence. Fleming (1981) In a study 
of seven different types of legume seeds showed significant
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positive correlation between hydrogen production and the 
following chemical components : stacfcyose, raffiaos© plus 

stachyose, glucans and pentosans hydroly sable in diluted 

acids. Significant, negative correlations were determined 

between hydrogen production, and starch or lignin contents#

Although raffinose family of sugars are .held respon
sible for flatulence, there are reports on flatus production 

by starch and other unavailable carbohydrates as well 
(i-iellendoorn, 197QJ Jaya, 1978). Results of in vitro and 

in vivo studies by Faki et, al (i!983) indicated that apart froa 

oligosaccharide a, both the starch and hemic® lluloses contri
buted substantially to the total flatulence effect of chick 
pea, cow pea and. horse gram. According to Olsen, et al.( 1981) 

in California snail white beans, the removal of the oc-galacto- 

sides from beans does not remove all of the flatus producing 
capability of the beans and component of the extracted beans 

that could be involved in flatus formation is the food fiber. 
Hickey et al. (1972) and Meyer and Calloway (1977) reported 

flatus production in young men and elderly women, when they
' X.

were fed bran and bran products, which contain large amounts 
of food fiber, specifically hemlceHuloses« Salyers at, al. 
(1978) demonstrated the in vitro degradation of hemiceUulose 

by Intestinal bacteria* The food fiber content of dry beans 

is considered to be mainly si bemicellulose which is presumed 
to be fermentable, in the colon (Hellendoom, 1976j 1978). 

Cellulose and lignin are either not present in wry large 
ambits in the plant part ingested or they are removed before
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the food is eaten (Helle$\d©<|i, 1978), Additional work is 

needed, to verify tbs indigeatibility of the fiber fraction, 
its ability to be fermented, in the gut to form flatus and 
its possible synergism with oc -galaetoaides. Still the 
composition and behaviour of intestinal mieroflora and their 
important role in intestinal fermentation requires further" 
research*

Since raffinose family of sugars are present in food 
raw materials such as legumes, known as staple foods in many 
countries, various approaches have been suggested in order to 
lessen the flatulence factors from food legumes, The import
ant ones are (a) development of special varieties of legumes 
by genetic manipulations that may lower the level of oligo
saccharides (Day, 1980), (is) removal of oligosaccharides 

from the legume products using solvents, (c) use of several 
food processing methods viz. soaking, boiling, parching and 
germination (Calloway et al, 1971? Kim et al, 1973? Ku et al. 
1976? Cristofdro et al, 197% Olson et al. 1981 ? Sathe et al. 
1983) and (d) use of enzymes that hydrolyze the oligosaccha
rides (Sballenberger et al, 1967? Suzuki at al, 1969?
Sugimoto and Buren, 1970? Reynold, 197% Cruz et al. 1981)* 
Among tJhese methods, enzymatic treatments could be applied 
either with a preparation rich in ©c -galactosidase or with 
micro-organisms capable of utilizing the oligosaccharides 
of the raffinose family.
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Neurotoxln present in Lathvrus sativus ;

Although proteins in the seeds have various biologi
cal functions such as enzymic, hormonal, structural, reserve 
etc, the quality of proteins particularly storage protein 
depends on their amino acid content (Roy, 1981). It may also 
be possible that quality of protein may be good, but because 
of the presence of toxins, such as hemagglutinins, protease 
inhibitors, favism factors, alkaloids and free toxic amino 
acids, they are not acceptable. Besides the 20 amino acids 
that are necessary for. the formatlm of proteins in plants, 
there are many unusual amino acids found in free state, viz.
\f-aminobutyric acid (GAM), homoserine, citrulline, ornithine 
etc. ~ Some of the free amino acids have deleterious effects on 
animals by feeding or on administration by different routes.
A number of free but unusual amino acids having structural 
similarities to regular protein amino acids have been 
recognized (Fowden, 1962). They act in a competitive way in 
the biological system as antimetabolites, showing sometimes 
growth retardation and other abnormalities»

, Table-8 summarizes acme of the free toxic amino acids
found in legumes. Legumes belonging to Lathvrus and V'icia 
species are known to be toxic to man and animals due to the 
presence of free unusual nirihydrin reacting toxic amino acids 
(Roy, 1981). Lathvrus sativus. Lathvrus cicera and Lathvrus 
clvmenum seeds, consumption of which is implicated in
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classical latbyrlam, a neurological disease (Gampathy and

Dwlvedi, 1961) contain a high concentration of ^ -$-oxalyl-

L- ^ -diamlnopropicnic acid (GD&P), Excessive oral intake

of lathyrus sativus (khesari dhal or chickling pea) legume

(which is known by several vernacular names such as ’teora1,

•lakh’ or 'lang' dhal) in remote areas of the world causes

humans and animals to develop a type of spastic paraparesis
or a crippling disease known as '’neurolathyriem" (seyie, 1957;

*

Uwivedl and Prasad, 1964; ftao et al, 1969). Disease is 

characterized by slow or more rapid, onset of spastic para
paresis associated with degeneration of corticospinal pathways 
which results into muscular rigidity, paralysis of leg muscles 

and in extreme cases death (Buzzard and Greenfield, 1921; 

Filiminoff, 1926; Puig and Devinals, 1943; Ganapathy and 
Dwlvedi, 1961; Sachdev et al. 1969; Dtreifler et, al, 1977),

The ma^or symptoms of the neurotoxicity in humans after 

excessive ingestion of kesari dhal are weakness, spasticity 

of leg muscles, convulsions and death in extreme cases, 

as described in Table-9, Epidemics of latbyrisrn, chickling- 

pea poisoning, frequent in the past, still occur in endemic 
form in some Asian and African countries (streifler and 
Cohn, 1981). •Keurolathyrism* outbreaks have been reported 

in Ethiopia, Bangladesh, Pakistan, Germany, Greece, Italy, 
Algeria, Iran and India (ICMR Report, 1964; Rutter and 
Percy, 1984). 'Neurolathyrism1 referred to in the ancient 

Hindu treatise *Bhavaprakasha' and by Hippocrates 
(<Sf« Padrnanabhan, 1980), ''Pliny and''Galenj continues to be a



TABiE-9 The four stages of n©urolati$rriia».
(Batwardlban, 1961)

I Weakness of lower limbs with spasticity of
several muscles.
Bain in ankles, knees.
Swing round of the foot while walking.

II Flexion of knee.
Inversion of foot with tendency to walk with a 
stick.

III Two stick stage prevails.
Other symptoms become chronic.

IV Knees completely flexed.
Atropy of thigh and leg muscles.
Ho motor disturbance in upper extriaeties.
Ho sensory disturbance in affected, limbs.
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public health problem in tfta central part of India, especially 

during famine, when Lg. sativus seeds form the main part of tbs 

diet. The main reasons for continuing the cultivation of this 

species are that, unlike other grain, legumes, (a) it can be 

grown with remarkable ease and does not involve complicated 

managerial services, (b) it has a high degree of adaptability 

under extreme conditions,and (c) it is a traditionally favoured 

item ox food and feed among economically handicapped segments 

of the society, Moreover, under extreme conditions, such as 

drought .and water logging, this is the only crop that remains 

available to the poor because of its hardy character (Misra 

et al, 1981)

extensive studies have led to the recognition that 

lathyrism in human beings, which is characterized by spastic 

paralysis of the legs as a result of neurological lesions of 

the spinal cord degeneration,: is quite different from the 

skeletal abnormalities induced in experimental animals by 

feeding L, odoratus or ^ -amlnoproplonitrile (BaPiM). 

ceyle (1957) clearly distinguished between the two forms of 

lathyrism, he referred to the latter manifestation, as 

!losteolathyrism0 and to the human disease as “neurolathyriam"•

deurolathyrism generally appears when a diet consist

ing of one-third to one-haIf of JU sativus seeds is consumed 

for 3-6 months (Bwivedi and iPrasad, 1961*). The -disease afflicts 

adult humans who have consumed a nutritionally inadequate diet
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containing 200g or more per day of satlvus seeds for several 
months (Dwivedl and Prasad, 1964; Sanaa and Pa&manaban, 1969). 

Passios and Bemopoulos (1962) reported that the consumption of 

L* cicera or L*. satlvus or both by semi starved people for a 

period of 10 years resulted in neurological symptoms,
fStrej^Ler et al.(i977) reported that tie symptoms of neuro- 

lathyrism v!ere apparent after an imprisoned person was kept on 

a diet of sativus for 30 years. But a recent outbreak of 

the disease in Madhya Pradesh., India shoved that the onset 
can occur much earlier, around 20 days (Qf. Rutter and 
Percy, 1984).

Various claims have been made regarding the factors 

responsible for the disease neurolathyrism. The various 
factors reported to cause the disease include (i) an acidic 

amino acid^ |3»N-oxalyl»L~^ -diaminopropionic acid (Rao et ai, 
1964; Murti et ajL, 1964), (ii) a phenol can pound of unknom 

structure whose neurotoxic effects are potentiated by certa:ln 
amino acids (Nagarajan et al, 1966), (ill) a glycoside which 

may be N- jp -D-glucopyranosyl-h-oC kpuarabinosy1 c, j3 -diamino- 
propianitrile (Rukmini, 1968), (iv) deficiency of tryptophan 
(Basu et al, 1936) and high selenium content (Rudra et al,

1952) in L» satlvus seeds.. Finally studies carried out by 
Rao et al. (1964) and Bell and Tirimanna (1965) led to the 

identification of unusual amino acids in JU sativus seeds 
out of which ^ -M-oxalyl-L-^C, j^diaminopropicnie acid which 
is present along with the other toxic components (Table-10).
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According to Spencer and Schaumburg (1983) the chemical entity 

responsible tor lathyrism is still unknown, but for studies 

on neurolatbyrlsm, focus is at present placed on this 

dicarboxylic diamino acid, which is also knov/n as j3 -H-oxalyl- 

aroino-L-alanine (BOM) (Hoy, 1981) v/ith the following structure;

HgC----- =----------HC

m

co
COOH

m2

COOH

Three research groups in India (Murti et. al,1964; Hoy et al, 

1963; Hao et. al, 1964} have reported the isolation of a neuro

toxin (ODAP) from L« sativus seeds. Bell and ©"Donovan (1966) 

observed that the naturally occuring neurotoxin (ODAP) exists 

in two isomeric forms alpha and beta, which are separable by 

high voltage electrophoresis.- Hoy and Hao (1968) shoved that 

irrespective of the concentration of ODAP in different varieties 

°f sativus. the proportion of alpha and beta isomers of the 

amino acid remains unchanged, the beta isomer in sativus 

ranges from 92 to 96?o of the total ODAP content.

There have tfeen several attempts to establish the bio

synthetic pathway of ODAP in plants. Based on the structural 

relationship of ODAP and its occurrence in high concent rat icna 

in Lj. sativus. serine had been suggested to be the precursor
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of the dlaminopropionic acid moiety in the biosynthesis of 
ODAP (Murti and Seshadri, 1964). On the contrary, Roy (1969) 
observed that when L&. sativus seeds ware geminated in the 
presence of DL-aerine-3-1 ^ and ODAP was isolated and purified, 

no radioactivity was found to be associated with the ODAP 
fraction, suggesting that serine was not a precursor for ODAP 
synthesis.

It is interesting to note that the naturally occuring 
osteolathyrogen ^ -( f -glutamyl) aminopropionitrile, and 
the neurotoxic amino acids including ODAP are bi©synthetically 
inter-related as shown in Fig.3 (Wigam and Fiedler, 1964; 1966; 
itessler et^ al, 1961), With regard to the biosynthesis of ODAP, 
evidence has been obtained to indicate that (U- C) oxalic acid 
is incorporated as an unit into ODAP in the germinating seedling 
of L;_ sativus (Ma lathi et al. 1966). It has been demonstrated 
that C-labelled CDA? is produced when the dibasic acid

■lA,

<=c/p -diaminopropicnlc acid is incubated with '0-labelled 
oxalic acid in presence of oxalyl activating enzyme system 
requiring CoA, ATP and Mg (Johnston and Lloyd, 1967).
Malathi et al. (1967) have confirmed that the transfer enzyme 
in sativus seeds reacts specially with the beta amino group 
of oc, p -diaminopropicnic acid, Hovjever, other investigators 
(Bell and 0*Donovan, 1966; Roy and Warasinga Raot 1968;
V,u et. al, 1976} suggested that isomeric rearrangement may be 
n on-enzymic •
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Ganapathi and Dwlvedl (l96l) on the basis of their 

epidemiological survey, concluded that symptoms of the adverse 
effects of neuroiathyrism do not manifest themselves in the 
same manner in both sales and femalea suggesting that the 
hormones might play an important role in the females resist- 
ance to the disease * These conclusions were supported by 
Das efc, sol, (1974) who found the ratio of patients to be 
16»9 males to 5*3 females.

To find out the actual toxic reactions involved during
neuroiathyrism, different animal models were tried out to
create the exact neurotoxic symptoms as summarised in Table-11.
Experiments by Roy et al.(l963) and hagarajan et al. (1965)
established that the injection of crude 30/6 ethanolic extract
of sativus seed meal caused neurological symptoms in eae day
old chick. This toxin was shown to be ncntoxic to adult
animals (Adlga et al. 1963; Rao ej^ al. 196^ kagarajan at al.
1965)* This led to the hypothesis that blood brain barrier (BBB)
in the CHS may not be allowing entry of toxin (Curtis and

(Rao et al,
Watkins, 1965). In support of their claim, these researchers^ 
artificially treated an acidotic condition in the adult animals 
through oral administration of acid forming salts such as 
calcium chloride and ammonium chloride, and of drugs such as 
dimox, sulfanilamide or salicylic acid. Under such conditions 
the “BBB” system was broken, thereby enabling ODAP to penetrate 
into the brain. During their experiments when GUAP at the 
level of 0.5 mg/g body weight was administered Intraperitcneally 
in acidotic adult rats and mice, the typical neurotoxic.
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igraptons were observed (Reo al, 1967). However, Mehta 

et al* (1976) quest!aied the existence of a blood brain 

barrier for neurotoxin in the young squirrel monkey with a 
mature blood brain'barrier, fhese workers showed that a 
tracer dose (about 250-500 jag/kg body weight) of the

can enter the CNS of the subhuman primate. It was 
further confirmed by Ea^et -ai, (1978$)by injecting 
H^-labelled PDAP that the toxin enters the CMS irrespective

s

of age, species and conditions like acidosis. However, the 

uptake of ODAP is more in immature brain as compared to the 
adult mouse brain (Mehta et al, 1979). Earlier studies 

carried out in this laboratory also showed that ODAP is 
toxic to adult rats at a dose of 60 mg/100 g .body weight 
when injected lntraperlt cneally (Ramchand, 1984). Thus the 

concept of a blood brain barrier to the neurotoxin (omp) 

needs further investigations.

GDAP was found to affect the adult rata and mice 

administered intravenously, intracisternally, intratheeally 
intracerebrally or lumbar route (Rao et al, 19&?)•

Curtis and Watkins (196$t) have found that ODAP is a potent 

excitant of spinal interneurans and beta cells. V.atkins 
et al. (1966) reported that the neurotensin (GD&P) is the 

most potent amino acid excitant of the spinal interneurons 

and Betz cells in the cat spinal cord when administered 
micro-electrophoretically into the immediate extracellular 
environment of single neurcns. Gluey et al. (1976) found 

that ODAP injected intraperitcneally to immature mice



Induces lesions In the retina, hypothalamus, and lower medulla 
and that this pattern of damage is similar to that demonstrated 
in animals after oral car subcutaneous administration of gluta
mate .

. - 44

Sable-12 summarise the various experiments done to 
understand the mode of action of QDAP, when injected into 
different animals, which did not give any conclusive mechanism 
for neurolathyrism but the other possible mechanism of GDAP 
action has emerged as a result of some recent investigations. 
Mehta et al. (1972) found that QOAP is a potent antagonist of 
L-glutamlc acid transport in resting yeast cells and these 
workers also suggested possibility of such an antagonism at the 
synaptic level in the animal brain. Buque Magalbn.es and 
Parker (1972) found GDAP to inhibit glutamate transport in 
isolated mitochondria. BGkA is chemically and neur©pharmaco
logically related to glutamic acid and shares the properly 
of glutamate analogues in inducing ccnvulsant activity and 
circumventr icular neurological damage when administered in 
large single doses (too at al, 1969} toy, 1973} Olney et al. 
1971, 1974? Olney, 1980). Ikeda and Haskell (1972) found that 
ODAP blocks the transmission of nerve Impulse from nerve to 
muscle in the fleshfly, a synapse where L-glutamie acid is 
believed to be the naurotranamitter. When applied electro- 
phoretically, ODAP is mare potent than glutamate as an 
excitant of cat spinal motor neurons and nearly twice as 
active as kainio acid in producing depolarization of ventral
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root neurons in hemisected frog spinal cord (Pearson and Nunn, 

1981). These properties of ODAP suggest that the compound 

acts toy stimulating post synaptic glutamate receptors (Qlney 
et al. 1976; Pearson and Nunn, 1981).

Ross et al. (1985) suggested that QD&P might produce 

convulsant activity and neureiPal damage by inhibiting syna

ptic reuptake of excitatory neur©transmitters. It is also 
reported (Lakshmanan and Padmanabhan, 1974a»b; Ross et, al. 
1985) that OQAP (1 mM) competitively inhibits high affinity 

uptake of glutamate and aspartate* in rat brain and spinal 
cord synaptosomes. Thus frees all these experiments, it can 
be concluded that the net result of CDAP action could be an 
accumulation of glutamate/aspartate in the synaptic environ

ment of brain since it is -well established that glutamate is 
both neur©excitatory and neurotoxic (Johnson, 1972; . .

PcyM^tbhan, 1980). The other possibility is that CDAP 

behaves like glutamate and mimics the effects (Fadmanabhan, 
1980).

Although considerable effort 1ms been expanded to 
understand the mechanism of GOAF action, the actual mechanism 
is still quite unclear or none of these studies are able to 
pinpoint the exact biochemical abberaticn responsible for 
paralysis and death at the administration of neurotoxin to 

rats. When sativus diets was fed to different animals, 
viz. guinea pigs, dogs, ducks, monkeys and birds (Bhagwat* 

1946;Anderson et, glf 1924; StQGkman, 1929; Patwirdhan, 1952; 
Panda et al, 1972) symptoms resembling neurolatbyrism were
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not produced. Oral administration of synthetic GDAP at 
higher dose of 300 mg/l00g body wight to monkeys did not 
ye salt into neurological manifestation (Rao, 1975a). ODAP 

is not found to be attacked by the common digestive ©naymea 
(Mehta, 1972). In vitro experiments carried out using 

everted intestinal aac showed that ODAP can pass from mucosal 
to serosal fluid without any hydrolysis (Mehta ej, ajL, 1976). 

Studies carried out by injecting radiolabelled ODAP into 

adult rats and monkeys showed that the toxin could be detected 
in CMS tissue as well as other tissues (Kidney having the 

highest concentration) but the metabolites of ODAP could not 
be detected (Mehta at, al, 1976; Rao, 1970a) suggesting that 

these tissues d© not posses the enzymes for the hydrolysis 
of neurotoxin. Mehta et al. (1976) reported the presence 

of an unidentified radioactive 2j4-dinitr©ph©nylhydrazoae 

derivative of ODAP in the stomach of squirrel monkey. These 
workers also reported the detection of the cc. -isomer of ODAP, 
which is ncntoxic, thsct could arise as a result of nonenzymatic 

rearrangement during extraction and isolation of ODAP (Bell 
and 0*Donovan, 1966; w'u gt, al, 1976). Neither. ODAP nor 

cxalyl-GoA. synttmta.se activity has been detected in extracts 
of cat end rat brain (Johnston and Lloyd, 1967)# ODAP appears 

to be a substrate for rat kidney L-aspax-tate-2-oxoglutarate 
aminotransferase and some 5»t($> of ODAP administered to adult 
rats undergo transamination to yield N-oxalyl- p -aminopyruvic 
acid, while 50-7C$ is extracted unchanged in the urine within 
24 hr (Cheema est, al, 1971< )- R&o (1978a) also found that 
neurotoxih . (ODAP) remains metabolically inert in the rhesus 

monkey.
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Earlier studies carried out in this laboratory by 

Rainchand (19S4) also shoved that even a very high dose of 
synthetic neurotoxin fed orally to rats did not show the 
3ymptos»s of lathyriso, whereas when injected intraperit cneally 
at a concentration of 60 ag/lOOg body weight the animal showed 
typical symptoms of lathyrism and died within 10 minutes.
All these studies on oral feeding raises the question whether 
neurotoxin is metabolized in the Intestine and detoxified. 
Although the acute signs of OMP intoxication have been 
produced in several species including the chick (Rao e£, al. 
1964), mouse (i-iehta e& al, 1979) and monkey (Parker et al. 1979). 

no successful attempt to produce chronic om? toxicity in an 
experimental animal has been reported. (Hotis there any 
reliable evidence that experimental neurolathyrism can be 
produced by feeding 'lathyrus* peas (Misra et a^L, 1931)}. 
fitatf^yer, recent studies carried cut by Mehta et, £il, (1983) 

suggest that the squirrel monkey is highly resistent to oral 
chronic poisoning with a neurcfcoxin dose of 0.6 to 6.0 tag/gm 
body weight/day. According to these group of workers the 
ma^or factors in resistance of squirrel monkeys to ODkB 

intoxication may have been the availability of nutritionally 
complete stock diet which was given to them along with 
synthetic ODAP. Human lathyrism typically occurs in the 
semistarved individuals whose principal source of calories 
is the lathyrus pea. Epidemiological studies implicate 
nutritional deprivation, physical exhaustion and pre-existing 
disease in susceptibility to the toxic effects of lathyrus 
peas (Kessler, 1953; Meineertz, 1953; Dwivadi and Rra sad, 1964).
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Ramctend (1984) incubated rat intestinal contents 

with radiolabelled QBAP for 24 hr and detected radioactive 
metabolites of OBAP degradation suggesting that intestinal 
microflora may metabolise the compound. ODAP hydrolysing 
bacteria were also detected in other species including man and 
this may be the reason why rets are able to tolerate CDAP when 
fed orally. Studies carried out by this investigator proposed 
that multiplication of OBAP hydrolysing bacteria in the elabo
ration of the enzymes involved in, breakdown of GDAP Jljj. vivo 
will depend upon the environmental factors in the intestine 
in different species such as the composition and content of 
microflora, products of digestion of dietary constituents etc*

Detoxification of neurotoxin ;

As mentioned earlier the Lathvrus species are gener
ally cultivated for preparation of food, fodder, green manure 
and ornament. In India, sativua occupies k% of the total 
area under pulse crops and constitutes 3% of the total pulse 
production* Recent studies carried out by Gopalan and Bwivedi 
(1983) showed that in Madhya Pradesh '(India) still 10-2C8I of 
the total grain production is occupied by sativua.

The pulse is used principally to prepare unleavened bread and 
is sometimes eaten as paste balls or as a cooked preparation. 
Because of its cheapness and ease of cultivation, it is used 
as an adultrant of other pulses (Sastri, 1962), Because of 
the intermittent outbreak of neurolathyrism, Government of 
India imposed a ban ca its cultivation and consumption
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(Ganapathy and Dwivedi, 1961),« However, an effective'jbeua cm

%the cultivation of sativus is not possible in view oi^Jhe! < 
lack of suitable alternative crop acceptable to the poor 
farmers (i&dmanakHan, 1930)* The cultivation and total 

production of Lathvrus sativus in India is not still declined 
(Gopal&n, 1982).

%

Thus it is of interest whether sativus itself can 
be processed suitably so as to free it from toxin and render 
it fit for human consumption because of its other nutrients. 
Data given in Table-13 show that the proximate composition of 
L« sativus diia 1 compares well with the other legumes regarding 
protein, minerals and vitamins* On germination, the available 
minerals and vitamins also increases (i^xstri, 1952). Amino 

acid analysis of sativus indicated that its protein was 
much higher than any other traditional pulse protein (Oarxna 
and Bactoanjabkan, 1969), vis. 21 to 33/2 or next to soybean.
It can be seen from the Table-14 that the pulse is rich in 
lysine and contains fairly good concentrations of other 
essential amino acids except methionine and tryptophan.

>

A protein concentrate was prepared by Padraanab^ian (1930) 
containing 70b protein (free of neurotoxin) which can be 
used as a lysine supplement. It has been reported (Shastrl, 
1962) that at a 10% level of protein intake, Lg, sativus 
protein has high digestibility (90%) but a low biological 
value. Autoclaving of the seed and supplementation with 
methionine are reported to greatly enhance the nutritive
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TABLE ~14 i Amino acid composition of L*. satlvua seed 

meal and protein concentrate*

Amino acid i
C os t e n t 

of sample)
* Seed meal^a^
i.

*£»«*«•*

Protein
concentrate Cb)

Lyaine 1.85 5*99
Histidine 1*10 2.18
Arginine 1 *41 5.69

Aspartic acid 1.80 7.41
threonine 0*85 2.78
Serine 1.20 4.02

Glutamic acid 2«25 8.79
Proline 1.46 4.22
Glycine 0*72 2.30
Alanine 0*80 2.92
Half'"Cystlae Trace Trace
Valine 0*81 2.76

Methionine 0.55 0.99
Isoleuclne 1.01 3.32
Leucine 1.45 5.30
Tyrosine 0*62 2.54

Phenylalanine 1.05 3.29

(a) - The protein content of the seed meal baaed cei
nitrogen estimation was 24*5^.

(b) - Tim protein content of the protein concentrate
based on nitrogen estimation was 7C$.

KefSoaokmaa et al.(l958)s Badmanaban (1980).
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value of the protein# The crippling condition of *neuro- 
2atlayrifiBi, was believed to be totally irreversible until 
Ahmad and Jahan (1980) reported that in certain instances 
the damage could be repaired by the daily administration 
of 500 to 1000 mg of ascorbic acid for a week or go. It is 
recognized, however, to be unlikely that the population that 
eats L. aatlvua as a staple would eat enough foods rich in 
ascorbic acid to prevent the condition#

Along with neurotoxins, sativus also contains
other antinutriticnal factors as mentioned in Tabls-15.
Roy (197^ purified the trypsin inhibitor and its biological 

offsets such as hypertrophy of pancreas and growth retarda
tion were demonstrated in animals# Roy and Rao (1971) have 
shown that heat treatment of L*. sativus while making ‘Chapatis* 
destroys only 48^ of the trypsin inhibitor#

Attempts have been made to process the Lj. sativus 
seeds so as to free them of the toxin by various workers as 
shown in Table-16, Swaminathan (1969) Inferred, that mutat
ions might be carried out in the gene that regulates the 
synthesis of the toxin in seeds. Considerable variation in 
QL&P content was observed in the generation in five
varieties of sativus treated with mutagens. A different 
approach was followed by Soraaya.julu et al# (1975) for the 
removal of QDkP from seeds viz. development of pure lines 
iTora low ODAP containing plants. They were able to identify 
only four lines of L*. sativus containing a low QDAP content
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of which P-24 was recommended as lasing relatively safe for 
hitman ccoemption* Bahiya (1976) suggested certain morpholo
gical characteristics as criteria for the selection of varie
ties of L* satlvus low in GD&P contents# However, no corre
lation was found to exist between morphology and GBAP content 
by Wagara^an and Gopalan (19.68)* Mlsra and Barat (1981) have 
used mlcrcnatrlent salts of cobalt and molybdenum in very low 
concentrations as foliar spray at the maximum flowering stage 
or at the emergence of 1-2 pods per plant and observed redu
ction in the toxin level in those plants#

From the foregoing discussion it is evident that the 
reduction of ODftP content in satlvus seeds by various 
techniques, such as steeping, parboiling, roasting, breeding 
and use of mutagens either causes loss of soluble proteins and 
vitamins or involves a cumbersome technology.

Thus from the earlier discussion it can be concluded 
that the diet consumed by the people of low socio-economic 
group is of poqj? nutritive value and there is always a risk 
of provision of antinutr^iticnal factors and toxins in substan

tial amount. In spite of all these, the clinical and biochemical 
status of the poor is not as poor as me would expect from the 
nutrients available to them (Omen, 1961; Bailey, 1963} Adams 
and Shr^&t 197% Gupta ej, al, 1977} Jacob al, 1976}

oHutr* Rev., 1980, hnergy requirement ; how much is enough).
There are conflicting reports also regarding the adverse
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effects of antinutriticnal factors and toxins present in

legumes# Though phytate present in plant food is supposed•
?+ o+

to interfere with intestinal absorption of Ca , Mg ,
p i»' 2 “i*

2n and Fe , either rat experiment carried out in this 

laboratory or human studies carried out by others (walker 

et al. 1948; Leitch, 1964? Bhaskaran and Reddy, 1979) did not 

confirm this,, Bventhough raffinose family of oligosaccharide s 

present in the diet causes flatulence and leads to abdominal 

discomfort, work on Asian and Middle Ba stern people (who 
codTsume goeTcl amount of chickpeas and soybeans,) does not 

show analogous effects of these oligosaccharides v - (Cristo- 

faro et al, 1974} • Geervani and Theophilus (1979} have shown 

that preschool children from low income population of Madras 

city did not experience any discomfort when fed different 

legume diets. Feeding experiments m preschool children 

showed no difficulty in the digestion of legume preparation® 

(Ramakrldmanj^1979)*...

These adaptation to diets containing food toxins can 

be explained in two ways : me is based on different food 

processing methods and second, is based csn the knowledge of 

degradation or modification of these toxins undergoing in 

gastrointestinal tract, Gastrointestinal microflora play an 

important role in the host nutrition (Omen, 1970, 1972?

Combe erfe al, 1976? Deguchi et al, 197S), The microflora 

present in the gut can degrade endogenous proteins of the 

intestinal enzymes, shed cells, saliva, mucosa and complex



plant polysaccharides like cellulose and pectin (Salyers 
et al, 197?; Cummings efe al, 1979). Many studies haw 
reported the ability of intestinal microflora to synthesize 
vitamins such as thiamin, riboflavin, niacin, folic acid, 
biotin, Bg, K and (Broberg et al, 1953; Baft et al, 1963; 
Kllpstonn and Lipton, 1970; ,r. r " brefsar and Hill, 

1974; Rsmakrishnan et al, 1983). Earlier studies carried out 
in this laboratory also have shown the role of microflora 
from rat small intestine in the degradation of phytate, 
trypsin inhibitor, hemagglutinin and flatulence producing 
oligosaccharideBj but It is not known whether these bacteria 

can grow in presence of other normal flora in the small 
intestine, Thus from all these studies it can be suggested 
that intestinal microflora also might help in improving the 
utilisation of foods by effecting the breakdovn of deleteri
ous factors and augmenting the supply of vitamins. Neverthlesa 
diet has been considered to play a major role in determining 
the nature of gastrointestinal flora (Math et, al, 1948;
Aries e£ al,. 1969; Hill et al, 1971; Br^sor and Hill, 1972).

Although there are numerous examples of so-called 
toxic constituents in legumes, they have nevertheless provided 
man over the centuries with a valuable source of protein.
This can be attributed'in part to the fact that man has 
learned how to detoxify them by;; suitable preparative 
measures. Nevertheless, there is the ever present possibility 
that the prolonged consumption of a particular legume which 
may be improperly processed could bring to the surface toxic 
effects which would otherwise not be apparent (JLiener, 1975).



60
In many developing countries protein rich plant foods 

should be produced locally: and they should be acceptable, 
because protein calorie malnutrition is a mere serious health 
problem than that of contagious disease (Van Veen et al, 1967; 
Streinkrau3, 1985)* Protein-calorie malnutrition is common 
in the developlifg world, and it leads not only to stunting 

of physical growth but to retardation of brain growth and 
mental development (Kegsted, 1978). The ina^or deficiency in 
the diet are food energy and protein with associated defied- 
'enc^caleita, vitamin A, riboflavin and other nutrients 
(Rajalakshmi and Ramakr ishnan, 1977) . Such deficits can be 
met by increasing the proportion of protein rich foods and 
the total amount of food, consumed* To improve the nutritive 
value of protein rich legumes, the different methods of food 
processing are employed before they are consumed, The differ
ent processing methods used for cereals and legumes in India 
are roastiig, parching, boiling, germination and fermentation. 
The effect of different processing methods cm biological value 
and chemical composition of foods are summarized in Table-17* 
fh£seprocessing methods increases the nutritive value of foods 
as well as food intake due to increase in palatibility 
(Rajalakshmi and Ramakrishnan, 1977).

Among all the methods of food processing, fermentation 
is one of the most Important method used from ancient times 
in different parts of the world, specially in India. Ferment
ation and germination are found to bring about almost identical 
changes in the chemical composition of the food but the texture



TA
B

LE
-1

7 : 
Ef

fe
ct

 of
 pr

oc
es

si
ng

 on
 th

e n
ut

rit
iv

e
C

D

.D
ec

re
as

ed
,

(S
ub

ba
la

ks
bm

l e
t a

l
19

76
)*

M
o c

ha
ng

e (K
ek

ad
e 

an
d ^

va
ns

#1
96

6}

B
at

he
 et

D
ec

re
as

ed
 (K

ak
&

de
 &'

 
Ev

an
s*

19
66

, W
an

g 
ft 

al
. 1

97
2?

 Qlo
gh

ob
c 

|f>
Sl

ru
ga

,1
98

3;
 An

na
 

Ta
nw

ils
m

 et
 al

.1
98

2 
Sa

th
e e

t a
I7

l1
H

2;
«T

 <aa^
 '1 

£*
«*

»>
 / •

In
cr

ea
se

d (
C

ha
tto

- 
pa

dh
ya

y  a
nd

 Ba
ne

rn
ee

 
19

52
).

In
cr

ea
se

d 
'

(F
al

se
r e

t a
l.1

97
3;

 
Su

bb
al

ak
sE

m
lT

et
 al

, 
19

76
).

D
ec

re
as

ed
 (B

ee
rs

* 
19

53
; K

en
da

l a
nd

 
B

is
w

as
*  l

97
Q

;K
an

da
l 

et
 §1

,1
97

2;
 Li

lia
n 

st
 8a

i 1
98

5;
 In 

et 
al

 
Sa

th
e e

t a
l.1

98
5)

;

In
cr

ea
se

d 
(J

ay
a e

t a
l#

19
75

)

G
em

in
at

io
n

D
ec

re
as

ed
 - 

(B
ak

ir e
t a

l. 
19

82
;

G
lo

gh
ob

o a
nd

 
Ft

et
ug

a,
19

83
* 

K
ar

ik
ar

 an
d 

B
at

ta
bi

ra
ss

an
, 

19
08

}

D
ec

re
as

ed
(li

e»
er

,t9
62

)

M
o e

ff
ec

t 
(O

ls
on

 et
 al

, 
19

82
)

D
ec

re
as

ed
 

(K
ak

ad
e a

nd
 

Ev
an

s,1
96

6)

D
ec

re
as

ed
 

(K
ak

ad
e a

nd
 

Ev
an

s,1
96

6| 
O

lo
gh

ob
©

 an
d 

Pe
tu

ga
,l9

83
; 

B
ak

ir e
t a

l.
\ Q

dO
\

*D
ec

re
as

ed
 

(R
a^

al
ak

sh
m

i, 
19

70
; K

ok
ha

r &
 

C
ha

nd
ra

n,
l9

86
),

l I } ,U

va
lu

es
 of

 ce
re

al
s a

nd
 leg

um
es

. 

So
ak

in
g 

| B
oi

lin
g/

co
ok

in
g

D
ec

re
as

ed
 

(K
up

pu
aw

an
i 

et
, a

l, 1
95

8)
.

In
cr

ea
se

d 
(A

ch
ar

va
 et

 al
# 

19
42

)

In
cr

ea
se

d 
(K

up
pu

sw
am

i e
t a

l, 
19

58
; W

al
ke

r 
et

 al
. 19

70
).

6.
 Hem

ag
gl

u
tin

in

•T
ry

ps
in

 Decre
as

ed
in

hi
bi

to
r (

Li
en

er
 an

d 
K

ak
ad

e#
19

69
),

Ph
yt

at
e

3.
 Dig

es
t!-

 Incr
ea

se
d 

bi
lit

y (Sende
r, 

19
70

)

2•
 Biol

og
i

ca
l v

al
ue

In
cr

ea
se

d 
(B

ad
en

ho
p a

nd
 

H
ac

kl
er

,19
71

}

B
Sf

t

t«4
■ mm w&

w

Pa
rc

hi
ng

R
oa

st
in

g
—

~r*
Pa

ra
m

et
er

s ' 1 
us

ed
 

|



62

In
cr

ea
se

d 
(B

ur
kh

ol
de

r, 1
94

3;
 

G
ol

db
er

g &
 Th

or
p,

 
19

46
} la

y a
nd

 
Fi

el
ds

, 19
81

)

In
cr

ea
se

d 
■ 

(R
ai

al
ak

si
m

i 
et

 §1
,1

96
4}

 
R

al
al

ak
sh

m
i, 

19
70

).

A
va

ila
bi

lit
y 

in
cr

ea
se

d 
(R

a^
ai

ak
sh

m
i, 

ra
w

 ^1
* 19

64
)*

N
ot

 af
fe

ct
ed

.
si

gn
ifi

ca
nt

ly
(R

a^
al

ak
sh

sa
i,

19
70

).

10
. N

ia
ci

n

In
cr

ea
se

d
(B

ur
kh

ol
de

r e
t a

l, 
19

43
}  S

ha
st

rr
^T

al
,

19
75

} la
y a

nd
 

Fi
el

ds
, 19

81
). 

'

D
ec

re
as

ed
 

(R
ag

hu
na

th
 & 

B
el

av
ad

y,
l9

79
)

In
cr

ea
se

d
(D

ha
nd

,l9
S4

;
R

a^
al

ak
sh

m
i#

19
70

)*

N
ot

 af
fe

ct
ed

 
si

gn
ifi

ca
nt

ly
 

(R
a^

al
ak

sh
m

l, 
19

70
)

9.
 Ri

bo
fla

vi
n De

cr
ea

se
d 

(D
im

 an
d 

G
oo

da
rd

,l9
46

)

19
70

) s

In
cr

ea
se

d 
(B

ur
kh

ol
de

r, 1
94

 
D

lia
nd

, 19
64

; 
R

aj
al

ak
sh

m
i,

In
cr

ea
se

d
(D

ha
nd

,1
96

4;
R

an
al

ak
sh

ol
,

19
70

).

N
o e

ff
ec

t 
(R

aj
al

ak
ah

m
i, 

19
70

) .
D

ec
re

as
ed

(A
lts

ch
ul

,
19

38
)

8.
 Th

ia
m

in

D
ec

re
as

ed
 

In
cr

ea
se

d (R
ed

dy
 &

(K
u e

t §
1,

19
76

; 
Sa

lu
ak

he
, 19

80
b;

B
ia

nc
ln

 et
 al

, 
Ja

ya
 & 

V
en

ka
ta

ra
m

an
, '

19
83

; Si
lv

a &
 

19
81

; G
up

ta
 & 

N
ag

le
,

B
ra

ga
, 19

82
; 

19
80

; R
ao

 & 
JB

el
av

ad
y,

O
ls

on
 et

 al
, 

19
78

; Sa
th

e e
t a

l,
19

82
; Jo

oH
^e

t a
l,i

9S
3;

 Jo
od

 et
 al

7l
 98

5 }
 

19
85

).
In

cr
ea

se
d 

(R
ao

 & 
B

al
av

ad
y,

19
78

).

D
ec

re
as

ed
 

(S
ilv

a a
nd

 
B

ra
ga

, 19
82

®
 

Jo
ad

 e
t a

l, 
19

85
l“T

>l
io

n 
et

 al
. 19

81
)*

7.
 Fla

tu
le

nc
e No

t a
ff

ec
te

d 
pr

od
uc

in
g . 

(F
ak

i e
t a

l, 
ol

ig
os

ac
- 

19
83

).
ch

ar
id

es
.

G
er

m
in

at
io

n
jB

oi
lin

g/
ca

sk
in

g j
So

ak
in

g
T™

] Parc
hi

ng
R

oa
st

in
g

Pa
ra

m
et

er
s

us
ed

TA
B

U
S-

17
 (C

cn
td

...
)



63
as -At? 11 as flavour are found to be improved to great extent 
during fermentation and food intake almost doubled when fed 
to preschool children (Hn^al^kshmi, 1976).

Fermented foods derived from cereals and legumes are 
essential components of diets in all parts of the world 
especially South East Asia, the Near iSast and parts of Africa 
(Table-18)* They, are also important in the diets of the 
western wear lei, because of thsir high nutritive value and 
their interesting organoleptic characteristics which add 
variety to the diets (Steirikraus and Van Veen, 1971)*
The indigenous fermented foods constitute a group of foods 
that are produced in homes, villages and small cottage indu
stries at prices within the means of a majority of the consumers 
in the developing world (Steinkraus, 19351. Some indigenous 
food fermentations such as “boy Sauce" (dhcsru'*), Japanese 

4,,isiao(1, Indonesian Indonesian “tape ketan”, Japanese

"sakeH, Indian “idli", and fish and shrimp sauces and pastes 
have been extensively studied to determine optimum conditions 
for fermentation, the essential micro-organisms, the bio
chemical, nutritive, and flavour/texture changes that occur 
during the fermentation, and possible toxicological problems 
that can arise (Stelnkraus, 1983a),

Indigenous food fomentations have bees classified 
as follows according to bteinkraus (1983b) s-
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- fermentations involving proto ©lysis of vegetable protein® 
by microbial enzymes in the preseme of salt and/or acid 

with production of amino acid and peptide mixtures with a 
meat like flavour (®*g. *Soy sauce*f Indonesian 1Recap*t 
•MiffiO* and “tasaco")}

« fermentations involving enzymic hydrolysis of fish and
shrimp or other marine1 animals in the presence of relatively 
high salt concentration® to produce raedbl^flavoured sauces 

and pastes?

- fermentation® producing, a meat-like texture in a cereal-
*

gra:ln legume substrate by means of fungal mycelium that 
knits the particles together (e*g. Indonesian and Malaysian 

ttteiupeiikedela,‘, Indonesian “onecm kacang", "onecm taboo1* 
and Htempehbaagkrekw) ?

« fermentations involving ’kojl * principle,' in which micro
organisms with desired enzymes ©re grown on a cereal-grain 

or legume substrate to product "koji « a crude enzyme 

concentrate “ that can fee used to hydrolyse particular 
exponent® in the desired fermentatioh (e*g» *scy-sauce V 

• *miso*t *kecap*f ’terapeii, *omm% ‘tape* ©tc*)$

- fermentation in %fcich organic acids are major products 
(e*g,. Korean “kimofclV nSauerkr®ut% fermented milk and

’cheese*, African ♦ogi* and Indian ’idli’j-
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• ■ fermentations in which ©than©! is a m$or product
<@.g* “rice wines”, ‘‘palm toddies”, ”sugar ©an© winesH»

' “beers” and “tap© ketan".

P© mentation is found t© improve texture and flavour for 
better acceptability of foods (Hesaeliins, 1965? Hesse It ine and 

Wang, 1967? Van Veen and Steinfcraus, 1970? tia^alskslsai, 1970| 
iia^alakehmi and kamakrishmn, 1977)* Permeated foods like 
Indonesian 1 temped# *onecm* and ♦tempeKboagkrek* which have 

©eat like textures are good substitute for meat • Indonesian 

* temnali is found to be a good substitute for meat to, the diet® 
of American vegetarians (Sfeeinkmus et al* 1960; Besseltlne,1961? 

3a0210 et, al* 1977? Wang and Heseeltine, 19791 Shurtleff and 
Apyagi, 1980)*

Biochemical changes during, fermentation :

.During fermentation, complex compounds are converted 
into their simpler digestible forms* Free sugar increases 

during fermentation, indicating a' partial breakdown of carbo

hydrates* Similarly amino nitrogen increases indicating a 

similar breakdown of protein®. .It is likely that during 
fermentation, intermediates of the breakdown of complex macro- 

molecules such as simpler starches® dextrin®, maltose and 

peptides also increase* lb©a© changes serve to make the food 
more palatable and digestible (kunitaro, 1961; Christian, 1966? 

Van Veen g£ 1963a 5 Ramalcrislman et al«' 1976) Y
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One of tbs ma^or biochemical changes involved in Indian 
fermented foods is the conversion of some of the carbohydrates 
to lactic acid.« Thus many of the Indian fermented foods haw 
low pH and sour taste which is acceptable to even poor pregnant 
women who suffer from loss of appetite, nausea and hyperemesis 
(Ramakrishnan, 1979). Fermented foods with acidic pH also lend 
themselves to the incorporation of lime (a mixture of CaCO^, CaO 
and and leafy vegetables, which help to increase the
nutritive value of food with regard to calcium, iron, ^-carotene, 
vitamin«C and riboflavin and the losses which result in the 
cooking of vegetables by conventional procedures are minimised 
by such incorporation (Ramchandran, 1968? Aykroyd and Doughty, 
196t}» Ha^alakshai et al, 19731 Rajalakshmi and Hamakrishnan,
1977? Ra^alaksbmi, 1976).

2h@ other chemical changes reported during fermentation 
include an increase in vitamins and seme essential amino acids. 
Significant increase in thiamin, niacin, riboflavin and vitaaia-C 
are reported during fermentation of *tempeh* (Steinkraus et al, 
1961? Murata gt al, 1967? Robinson and Kao, 1977? Roe lof sen 
and Thalens, 19$4-)* chick pea *tniso* (Kao and Robinson, 1978), 
‘onecm* (Van Veen et al, 1968fcr,Beuchat, 1976? Quinn et al.1978;. 
•khaman" (Rajalakshmi and Vana^a, 1967)* Mawadaws* (Platt,1964), 
’idli* (Ra^alakahmi and Vana^a, 1967), *natto* (Sano, 1967) and 
*scyidli* (Raraakrishnan, 1977). In contrast to this decrease 
in the content of thiamin and riboflavin were reported during 
.*idli* (Steinkraus et al, 1967) and Htempeh kecipir” (Cad^ar, 
1978). Increase in folic acid, choline and methionine have
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been reported during fomentation of certain foods (Radhakrl- 
ahna Rao, 196"!; Bteinkr&u® gj. al* 196?; Murata et al,
1970). Even an increase in the vitamin (usually lacking 
in vegetarian foods) has been reported in several fermented 
foods viz. ’tesepeh* (Roelofsen and Ihalen, 1964; Steinkraus* 
1976; Curtis et al. 1977; Idem et al. 1977)* ’miso* (Robinson 
and Kao, 1977)* ‘natto* (Banc, 1961), peanut press cake 
(Beuchat, 1976; Idem et al, 1977)* 'idli* (Ramakrishnan et al, 
1983) and fermented *corn meal* (Chung and Fields, 1986).
During the fermentation of cassava and rice (which are the 
substrates rich in starch but too low in protein), the nutritive 
value of the fermented product is increased due to increase in 
lysine and tSaiamine content ( Kao, 1972; Croak et al, 1977). 
Chemical changes reported in Indian fermented foods are summa
rized in Table-19*

Detoxification of toxins during fermentation of foods ii

As an added advantage^, fermentation of foods seems to 
breakdown toxins and sntlnutritional factors present in raw 
materials used for preparation of fermented foods (Collard and 
Devi, 1959* Liener, 1962; Smith et al. 1964; Van Veen et al. 
1968b)* Consumption of soybeans whioti contain trypsin inhibitors 
lead to the enlargement of pancreas in the rats (Konkin and 
Guggenheim* 1967)* whereas ’texapah* which is a fermented product 
prepared from soybeans does not produce pancreatic hypertrophy 
(Smith et al, 1964). This suggests that certain toxic consti
tuents present in eery been are broken down during fermentation.
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However, Wang ejk al# (1972) have reported an increased trypsin 
inhibitor activity in the initial stages of fermentation, due to 
the release of bound trypsin inhibitor* Kamalakanan and Noting 
(1982) have detected the presence of a factor in the culture 
filtrate of Rhlzoous ollgoaporua (used for fermentation) which ■ 

inactivates the trypsin inhibitor. During the fermentation of 
cassava in the preparation of Nigerian ttgari", cyanogenic 
glyc asides are broken down (Collarcl and ievi, 1959? Fratap,
1973). Van Veen e£ al.( 1968b) have reported 50-70^ reduction 
in aflatoxin-B^ content during fermentation of * outlets1 
(fermented pea-nut press cake). When cowpeaa aM chick peas 
were allowed to undergo natural fermentation, no toxic substance 
was detected as determined by the jin vivo -tests in chicken 
embryo (Zamora and Fields, 1379$.

The most abundant antinutrients viz, phytate and flatu
lence producing are algo broken down during fermentation as 
described in .Table-20. Thus fermentation augments the nutritive 
value of legumes and cereals because of the favourable chemical 
changes* . ,

‘§tgl
Rat experiments carried out by Van Veen^(l967) have shown 

an increased food Intake and body weight gain in rats fed 
fermented foods. Akolk&r (1977) showed that rats, pair fed 
fermented *seyidli® showed higher HSR, better growth and increase 
in liver and bone status compared to rats fed unfermented products, 
Rat studies carried out with Indian fermented foods like 
♦khaman* and fidli* also suggested their greater digestibility 
with increased liver concentrations of protein, thiamin and
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â
a,
 19
6?
)

De
ce
as
ed
 

(R
ed
dy
 a
nd
 

Sa
lu
nk
he
, 

19
80
b)

De
cr
ea
se
d 

(R
ed

dy
,1

98
1)

No
 c
ha
ng
e 

(B
ad
hy
e 
an
d 

Sa
lu
nk
he
,

19
73
)

TIPI

i
wt
 m
m 
it
 Am

 m

■B
 

iM
W

 m
il
l ■■

 I'
l'
 ■
> 
*

1 «
* t —JU
.

I
» «
(I

I
I 
•

3A
 BI
D-
20
 (
Co
nt
d.
..
.)

}



75
riboflavin as compared to unfe merited foods (Ra^alakahai and 
Vana^a* 1967). Zamora and Vena ( ) reported that ferment
ation of cooked soybean with Rhizooua ollgoaoorus greatly 
improved the apparent digestibility and net proteins utiliza
tion in rats when fad diets containing fermented acy products. 
True digestibility, protein efficiency ratio, net protein 
utilization and biological value of fermented locust beans 
were also found to be higher than that of raw seeds when rats 
were used as test animals (Fetuga ejt al, 1973a» 1973b).
It ms concluded by Ramakrishnan (1979) that fermented foods 
prepared from legumes can play a valuable role in the allevi
ation of malnutrition and undernutrition in groups who are most 
vulnerable to it.

Apart fro® changes in flavour, texture and nutritive 
value, fermentation also brings about changes in the Keeping 
and cooking quality of foods* "Kiahafc”, a fermented food 
from the mar. East can be preserved without spoilage for about 
an year (Van Veen e£ al, 1969). Acid production during fermen
tation prevents the growth of pathogenic organisms and prevents 
food spoilage (Van Veen and Steinkraus, 1970).

Thus in summary, fermentation of legumes improves 
their digestibility for humans, enhances keeping quality of the 
product, improves flavour and appearance of the final fermented 
product and reduces cooking time (Reddy et al, 1984 )#
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Though fermented foods were used from time immemorial 

the agent of fermentation was not known till the discovery of 
microscope by Leuwenhoek in 1680* In 1837, Cagniard-Iat oiir, 
Schwann and Kuttzing, independently proposed that yeast 
appears during ale cholic fermentation and the conversion of 
sugar to alcohol is a physiological function of yeast cells* 
later, Louis Basteur was able to show that each particular 
type of fermentation process is accompanied by the development 
of a specific type of micro-organisms (<gf. Stanier et al,l986).

Van Veen (1957) defined fermented foods as *thsy are 
fermented in ©o far that they (or at least one of their consti
tuents) have been subjected to the action of micro-organisms 
(bacteria, yeast or fungi) for a period, so that the final 
products have often undergone very considerable changes in 
chemical composition and other respects. Sometimes these 
changes are due not only to microbial action tout also to 
autolytic processes brought about by the enzymes of the 
product itself".

Microbial communities with their combined physiology 
and interactions and their enzymatic activities are responsible 
for the major biochemical and nutritional changes that occur 
in, the substrates of most fermented foods and beverages 
(Steinkraus, 1982). Ifce major micro-organisms which are 
present during fermentation of various foods are listed in 
Table-18, frora which It can be seen that the fermentation of 
foods used in India is affected mainly by bacteria or yeast or 
both but not by fungi*
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Different micro-organisms grow on different foodstuffs 

depending upon their ability to breakdown different compounds 

such as carbohydrates, proteins and lipids* Different products 
are formed depending upon the substances broken down and some 

of these products give flavour and texture to the fermented 
foods (Kegseltine, 1965? HesseItine and Wang, 1967). Fra® 

Table-21, it can be seen that the chemical composition of 

raw material used and the types of the microorganisms used 

will decide the type of fermented, food formed, because of the 

enzymes elaborated by the micro-organisms. For instance,

R* orvzae and R*. ollftosporua ferment soybean to produce 
*teapeh'-a fermented food common in Indonesia. oligoaporua 

elaborates a great amount of lipase and protease which will 

breakdown fet and protein in soybean and sane cereals and 

impart a particular texture and flavour. On the other hand,
R. orvEae can produce ’terapeh* froa soybean but not fran wheat 

and other cereals, because cereals eontain a higher percentage 

of starch and R*, orvzae produces amylase which converts starch 

to sugars which in turn are converted to acid, wjaich gives an 
undesirable fermented product (Hesseltine, 1965). Increase in 

amylolytie, lipolytic and proteo3.ytic activity off micro-organisms 
are reported during fermentation of *haua natto* (Beuchat,l978)» 
'sufu* - a fermented product in China (Fukushisa, 1979),

* sty-sauce’ (Yang and Wood, 1977? Yamamoto et al, 1972? 

Yokutsuka, 1977? %kushdma, 1981), ’oncoa* (Beuchat et a1.1975? 

Beuchat, 1979), Japanese ’miso1 (Hesseltine and Shibasaki,i96l) 

etc. Hemic® llulose type of material is partially solubilized

by mold enzymes resulting in © fine textured product which
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Increase digestibility during the fermentation of pea nut • gg 
press cake (Beuchat et al, 1975)•

a significant increase in phytase. activity is reported 
during fermentation of various foods for the breakdown of 
phytate into inorganic phosphorous (Reinhold, 19751 Akolkar, 
1977? Harland and Harland, 1980; Lopez et al, 1983). Phytase 
has widespread distribution in plants and animal tissues 
(Peers, 19531 Courtois, 1945; Meyer, 1958; Kindi, 1969;
Mandal and Biswas, 1970; Bitar and Re inhold, 1972; Mandal ■ et al,- 
1972) and numerous types of micro-orgahisais (Nelson et al, 1968; 
Tanner, 1969; Wang et al, 1980), ormicro-organ!ms which 
produce phytase are Aspergillus flccum (Han et al, 1987;
Han and Wilfred, 1988), Aspergiliui.oryzae (Wang et al, 1980),
Heuroapora sp, (Shieh and Ware, .1968), A si3er%11I.ua' niger 
(Tadeusz, 1978), Aerobacter aerogenes (Greaves et al, 1967), 
Bacillus subtilig (Powar and Jagannathan, 1967) etc,- Micro
bial degradation of phytate has been studied in detail by 
various workers (Greaves et, al, 1967; Powar and Jagannathan, 
1967; Coggrove, 1970; Irwing and Cosgrove, 1972; 1974} which 
showed that phytase catalyses the successive dephosphoryna
tion of phytate to finally yield myo-lnositol and inorganic 
phosphorous*

Earlier studies carried out in this laboratory showed 
that hesaagglutinin is broken down by me sente roides (H&)
(which is present during ’soyidli* fermentation) due to 
production of enzymes viz, protease, p-N-acetyl-glucosamini- 
dase and memosldase to liberate final products of hemagglu
tinin hydrolysis (Rao, 1978),

Raffinose family of oligosaccharide a, which, causes 
flatulence have been reported to decrease during fermentation 
of "peanut press-cake" (Worthington and Beuchat, 1974),
* soymllk * (Mltal et al, 1974; Mital and Steinkraus, 1975)? 
♦tempeh* (Galloway et al, 1971» Shallenber^er et al,i967^)
•iru’ (Gdunfa, 1982b) etc, due to tine elaboration of microbial 
enzymes viz, od«*galactosidaee and invertase,
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Eazvmes for the breakdown of rafflnose family of 
oligosaccharides :

l

During gennination and fermentation of legumes,
/

i

rafflnose family of oligosaccharides are degraded into mono
saccharides by °a -galactosidase and ^ -D-fmctofuranosidaae 
as shown in Fig, 4. on D&alactosidase (°c -D-galactoside 

galactohydrolase *.C. 3.2,1,22) is widely distributed in 
nature and it catalyzes thejdisruption of the oC -D-galactoaidic 

bond of both simple and complex oligo-. and polysaccharides
i

(Dey and Pridham, 1977). Micro-organisms isolated from differ
ent sources are known to produce oC.-galactosidase (Table-22)* 

This enzyme has been reported to occur in various plants 
(Dey and Pridham, 1969^ Barhal^%7l; Dey and Dixon, 1974?

Me Clery and Matheson, 1974j Malhotra and Singh, i976j 

Samuel and Joseph, 1977? williams et dl, 1977) and animal 

tissues like liver, placenta, brain, adrenal gland, spleen, 
stomach, heart, uterus, iunfe, ovary, testis, pancreas,

- i

small and large intestine of various mammals (Bao and 

Pieringer, 1970?Ho, 1973?Mayer and Bedutler, 1977? Bishop 
and Sweeley, 1978? Bishop et al, 1978),

-Galactosidase is a useful tool not only in-the
determination of rafflnose and the structural studies of

" !

carbohydrates, but also in the sugar-beet industry to reduce, 
the raffinose content (Suzuki et al. 1969? -Reynolds, 1974? 
kobayashi and Suzuki, 1975?|.;Linden,L37f?\ 1982), This 

enzyme has a wide application in food processing for removal
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of flatulence producing oligosaccharides e.g. soymilk process™
85

ing (Bugimoto and Van Buren, 1970; Smiley et al, 1976; 
fhananunkul et al, 1976; Cruz et al, 1981)

<=£-Galactosidase from Bacillus stearothcrmopfatluc 
(ileynolds, 1974) and Kortirella vlnacea (Linden* 1982) have been 

immobilized on nylon and within mycelial pellets, respectively, 
and the immobilized enzymes have been used for the hydrolysis 
of raffinose in beet sugar molasses. Immobilization of this 
enzyme isolated from figs (Schram et al. 1978), Turbo corrmlus 
(Shepard et al, 1983) and Pycnoporus cinnabarius (i-'iitsutomi 
et al, 1985) using 3epharose-4B, 38A and colloidal chitin with 

glutaraldehyde respectively have been reported/tor industrial 

applications.

The primary role of oc-galactosidase in the storage 
organs of plants is to mobilize the reserve u-g&lactosyl . 
containing oligo and polysaccharides (ley and Pridhaa, 1972; 

fey, 1978; Bey* 1980), which is a compartmentalized enzyme.
On gemination, the enzyme is undoubtedly involved in the 
hydrolysis of these oligosaccharides* which serve as a soluble 
and readily metabolizable energy reserve,. Alpha-galaetosidases 
are also involved in the metabolism of plant galactolipids 
in spinach (Gatt and Baker, 1970; he Clery and Matheson,1974; 

williams et al* 1977) and sugarcane chloroplasts (Ley ana 
Pridham, 1972}„ Another possible role for the enzyme is 

protecting plants from oC -L-galactosidle phytotoxic



substances produced by Invading micro-organisms (Strobel,i974)* 
The cc -galactosidase in brain tissues is involved in the 
hydrolysis of digalactosyl diglycerides (Subba Hao and Pler- 
inger, 1970)# Metabolism of glycosphi^glipid is disturbed in 

patients with Fabry*s disease which is characterized by 
deficiency of -°c -galactosidase and it leads to accumulation
of ceramide trlhexoside (Meyer and Beautler, 1977)* -Galacto-

|sidase may be used in the .future for medical purpose as enzymo-
!therapy (Ulezlo and Zaprometovja, 1982),

86

Production of ®c -galactosidase can be induced during
t

growth of microorganisms using raffinose, melibiose,- thio-
i

galacto .side* galactose, phenyl; ^ -.D-galactoside, G-nitrophenyl- 
<=c -D-galactosides and some j p-D-galactosides ’(Koppel et al« 
1953} Hogness and Battley,1957; Lestler and Bonner, 1957;
Shoirain and Crocker, 1961; Schmid and Schmitt, 1976; Lazo el; al# 
1981), ' !:

i|

. Synthetic -D-galactosides_like methyl, ethyl 
(Hogness and Battley, 1957), n-propyl, o-cresyl (Kalhotra and 
Day, 1967' ), m#p#o»"nitrophenyl (Malhotra and Dey, 1964),
1-naphthyl, 2-naphthyl- and 6Lbromo-2-naphthyl-®C-D-galacto- 
sides (Tsou and Su, 1964), galactinol (Suzuki et al. 1970) 
and di galactosyl glycerol t( Subba Rao and Pie ringer, 1970) are

* i
known to be hydrolyzed by the hydrolytic action of oC-galacto- 
oidases. Naturally occuring oligosaccharides viz* melibiose, ■ 
melibltol, melibionic acid, rdffinose, umbeliferose, plantose,

i

manninotriose, stachyose, verbascose, lychnose and polysaccharides
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like galactomannans are also attacked by <=c -galactosidaaes 
from various sources (€f. Bey and Pridham, 1972). Alpha* 
galactosidases from coffee beans and soybeans (Zarait and 
Kabat, 1960; Harpaz e£, §1, 1977) , B*. cereus (Iseki and 
Ikeda, 1956) and Streptomveea so. (Oishl and Alda, 1976) can 
also remove nonredueing terminal -D-galactosyl residues from 
blood group substances. Thus type *B* erythrocytes, which 
contain 3*0-cC -D»galactopyranoside, can be transformed into 
type *0* erythrocytes by exposure to c*c -galactosidaae (Ulezlo 
and Zaprometova, 1982).

Alpha-gslactosidases also show trans- <=c -galactosyla- 
tion activity in addition to hydrolytic activity and the products 
are complex carbohydrates in plants (Malhotra and Bey, 1967;
Dey, 1969; 1979i Bey and Pridham* 1972), fungi (Itanu gfc 1982; 
Ohtakara et al, 1984) and bacteria" -v-f (Kawamura et al, 1976jf).
^ . ? • /

An active site directed irreversible inhibitor of 
oC-galactosidase, conduritol-C-trans-epoxlde (1,2-anhydroneo- 
inositol) was synthesized (Legler and Herrchen , 1981) to 
understand the mechanism of action of <=c -galactosidase. This 
compound, binds initially to the enzyme active site because of 
its structural similarity to the substrate; the epoxide 
function is then activated by an acidic functional, group of the 
site, forming a covalent bond. The mechanism of enzyme action 
involves two steps i the glycosyl-enzyme intermediate formation 
and its subsequent breakdown {Day and Pridham, 1972; Bey, 1969; 
Carchon and Be Bruyne, 1975).
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A complete amino acid sequence analysis of only a few 

' <=c -galactosidases viz. V*. satlva. G. max (Pridham and Hey,1974; 

Harpaz et al, 1977? Hey et al, 1983), A&, nimr (Aclya and Elbein, 
1977) and Saccharomyces carlabergensls (Lazo et §3.* 1978) and 
E. coli (Lil^jestrom and Lil;J©sirom, 1987) are available,

A comparison of amino acid sequence of ®e -galactosidase proteins 

from E. doll with <c -galactosidase from yeast and human origin 

showed that these proteins have limited homology, the yeast and 
hhman proteins being more related. However, regions common to 
all three proteins (E*. Soli, yeast and human) were found indicat

ing sequences that might. comprise the active site of od-galacto- 
' siclase (Lil^estrom and Ltl^estrom, 1987). The enzyme frora 

Vicia faba (Petek' et al. 1969) and G*. max (Harpaz gt al, 1977) 

were reported to have L-alanine at their H-terrainal end..

Several - legume <=£ “galactosidases and yeast oe -galactosidases are 
glycoproteins with affinity for Con-A (Hankins and Shannon,1978; 

Lazo et al, 1977? 1978; Hey e£ aX, 1982; Hey ejb, al^, 1983) unlike 

bacterial oc-galactosidases, which are not glycoproteins.

Aspartic acid, threonine and serine are the amino acids which 

act as bridges between the protein and carbohydrate were maximum 
(35/0 in the purified yeast <=>£-galactosidase (Lazo et al, 1978).

Alpha-galactosidases from various sources viz. mung • 
bean (Hankins and Shannon, 1978), soybean (del Camplllo and 
Shannon, 1982) and Vicia faba (Day gt a]., 1982; Hay et al, 1983) 

display a unique activity namely agglutination of red blood
S

cells. Vicia faba <=c-galactosidases are unique enzymes



89(fora I* II1, II2) possessing independent lectin (glucose/ 

mannose specific) and catalytic sites in the same protein 
molecule (Bey et al, 1932) but at different sites, The physio
logical significance of lectin nature of oc -galactosidaae is 
that the enzymes bind via their lectin sites to a variety of 
cell components of carbohydrate and glycoprotein nature of cell
membrane and cell wall, for compartmentation or regulation byRoberts,
stearic interaction (Basha and*£ 1981 j Loreae-hubls et al.1981).

The comparison of amino acid sequences of the classi
cal lectins with the enzymic lectins of oC -galactosidase showed 
good correlations and homologies (Bauman gj, 1981 j 1932$
Shannon et al^ 1931) suggesting that classical legume lectins 
are precursors of these enzymes and they are genetically related.

Multiple forms of cC -galactosidase from a number of 
plant sources are Known* these have been separated on the basis 
of well defined protein characteristics as shown in Table-23*
Among the molecular forma differentiated by their molecular 
weights* a monamerie/tetrameric relationship generally exists* 
whose association and dissociation is generally pH dependent 
(Harpaz et al* 1977; del Campillo and Shannon, 1982). The molecular 
forms of ¥loia faba are very well studied* which has 3 forms*
I (209,000), II1' (43,000) and II2 (41,0GQ) separated by gel 

filtration and CM-cellulose chromatography (Dey and Pridham, 1968} 
Dey §t gjL* 1982) • Immunological evidences suggested that all the 
three enzyme forms are closely related because they all cross
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r-ecte-ted. with each other and form I is a tetramer of units of
penzyme II . The major possible role of different forms of 

<=C -galactosidase is in the regulation and utilization of 
storage carbohydrates (Dey and del Campillo, 1984) e.g. 
extracts of green and immature Vicia faba seeds showed a low 
level of the monomeric form of -galactosidase, but during 
maturation, tetrameric form a was observed (Pridham and Dey, 
1974).

Invertase/D-fructofuranoside fructohydrolase (p-D-fru-
ctofuranosidase) (E.C. 3.2.1.26) has been shown to occur in
microbial, plant, and animal sources which acts typically on
sucrose and related glycosides producing hydrolysis or, in
varying degree,, fructosyl transfer. It is one of the oldest
known enzymes, first isolated from yeast by Berthelot in i860.

Amongst micro-organisms, j2 -D-fructofuranosidase activity of
yeasts., particularly of Sacchamomvces so. has been extensively

and Mandel,studied by various workers (Berthelot,. i860; Neuberg/. ; 1950; 
Lampen, 1971.).

Multiple forms of invertase have been found in plants 
as shown in Table-24. The existence of soluble and insoluble 
forms of this enzyme has been reported in ra^dish in which the 
transformation of the cytosolic soluble form into the bound 
form was phytochrome mediated (Zouaghi et al, 1979; Largitte 
et al. 1981). Presence of acid invertase and alkaline 
invertase is a very common feature of this enzyme in plants
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(Dey and Campillo, 19B4), which has a role in the regulation 
of sucrose metabolism of plants* It was suggested that acid 
invertase directs sucrose to hexoses in tissues where demand 
of the monosaccharides is high, whereas alkaline invertase 
hydrolyzes sucrose in tissues that lack acid invertase e.g* 
in cells that store sucrose (Lyne and Rees, 1971}•

The multiple forma of yeast invertase differ in their 
molecular weight and cellular location (Iglesias et al, 1980). 
Yeast invertase is an attractive system to study glycoprotein 
synthesis and secretion (Gascon and Gt^nghti, 1967). The sub

unit structure and active site of this enzyme has been investi
gated (Neuman and Lampen, 1969; Braun, 1977; Trimble and

of yeast
Maley, 1977). The heavy enzyme^s a glycoprotein with 5Q% 
mannose and 5% glucosamine (Iglesias et al, i960) whereas the 
light enzyme has no carbohydrate* Intermediate fores, repre
sending varying stages of enzyme-protein glycosylation were . 
also present, thus the light enzyme is possibly the precursor 
of the other fores of invertases In yeast* Many plant invert
ase s are also glycoproteins; for example, those from grape 
(Arnold, 1966), barley (Prentice and Robbins, 1976).
Convolvulus (klis and Akster, 1974) and radish (Faye and 
Berjonneau, 1979). In plants, invertase activfej;^ participates 
in the breakdown of sucrose, especially in those parts of 
plant, where the conversion of sucrose to starch is not an 
important feature e.g, storage organs (Bey and Campillo, 1984).

/
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Among micro-organisms, the regulation of invertase 

synthesis In yeast and neurospera Is well documented t
(Lampejt, 19?$; Iglesias et al, 1980) which is under catabolite 
repression. Derepression by exhaustion of glucose from the 
medium, resulted in 90% increase in the total activity of 
heavier enzyme, the level of the lighter enzyme remained 
unaltered irrespective of the presence of glucose,

Invertase activity and the levels of the multiple forms 
are regulated in plants by various factors, such as stage of 
tissue growth (Jones and Kaufman, 1975), plant horaones, sucrose, 
glucose, fructose (Kaufman et al, 1973; Weston and Chin, 1975), 
nitrogen source (Matsumoto et al, 1976) and NaCl concentration 
(Hawker, 1980), Invertase inhibitors also have been implicated 
in the regulation of this enzyme in several plant tissues 
(Jaynes and Nelson, 1971; Malik and Sood, 1976). Multiple forms 
of invertase, I and II, from Pusarium oxvsporum are distinguish
able in immunological relationship, amino acid composition, 
molecular weight, isoelectric point, pH optima and heat stability 
(Nlshizawa and Maruyama, 1979) and the synthesis of the two 
forms is regulated via gene expression during cellular differen
tiation.

Micro-organisms which produce cc-galactosidase ' .•
are isolated from various sources as described in Table-3.3..
Among bacteria, genetics of raffinose and melibiose utilization 
is studied in detail in E*. Coll, The transmissible nature of 
extrachromosomal genetic element which mediates hydrogen sulphide
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production (Hys) in E*. Coll was recognized by Lautrop e£ al, 
(1971). Since then Orskov and Orskov (1973) have reported 
that seme H^S-positive strains are also able to transfer the 
determinant responsible for raffinose-fermenting ability (Raf) 
and have shown that both markers are transmitted as a single 
linkage group. Thus, rafflnose utilization has been added 
to the list of those bacterial degradatlve characters that 
are governed by plasmids (Magalhaes and Veras, 1977).

It was found that rafflnose plasmids enable strains of 
E, Coli to use the trisaccharide raffinose as sole 1C* source 
by the action of three inducible plasmid coded functions 
namely (a) transport system, raffinose permease, (b)oC-galacto- 
sidase and (c) an'invertase. Their structural gene form an 
operon negatively controlled by a repressor gene (Schmid;, and 
Schmitt, 1976? Schmitt et al, 197^)* The system consisting of 
a regulatory gene and the structural genes for the enzymes 
raffinose permease, °c-galactosidase and invertase has been 
designated^the "raf" system (Pig*5). In the cells of Coli 
K12, the inducible functions of %al,f operon namely melibiose 
permease and <=c -galactosidasa determine the utilization of 
oC-D-galactosides such as melibiose, meliblltol and galactinol 
(Schmitt, 1968). The trisaccharide raffinose cannot be 
patabollzed in this strain, since the permease is not induced 
by raffinose (Schmid and Schmitt, 1976). After the charact
erization of the proteins coded by rtmelH operon and BrafM 
operon in E*. coll Schmid and Schmitt (1976) made a very 
interesting observation in E*. Coli. Studies carried out by



97
FIG, S' : Gene Enzyme relationship in Rafflnoae metabolism by

E. coll Kj 2 harbouring the Raf plasmid D1021.
C R<5f: Schmid 5,ch(rn\ttJ

Mel

Invertase

cmRotnoso^W- -ONA.
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them proved that the plasmid coded <*. -galactosidase differs 
from the homologous E*, Coll enzyme in substrate affinities, 
cofactor requirements, stability and toluene resistance.
It can, therefore, be used as a marker enzyme suitable for 
the detection |n vivo of «Raf«~plasmida.

Plasmids coding for utilization of raffinose have been 
found in enterobacteria isolated from man (Buissierf. et al,1977i 
Kagalhaes and Veras, 197?) and domestic animals (Smith and 
Parsell, 1975) under enteropathogenic conditions. Genetic 
determinants of the K-88 antigen (which facilitates coloni
zation in the anterior small intestine) have been found on 
plasmids together with *raf * genes (Smith and Parsell, 1975? 
Shipley ejt jal, 1978? Mooi e£ al, 1979). Immunochemical rela
tionships were established among ’raf* plasmids of 39 independ
ent isolates of man and domestic animals by using antiserum 
against o£-galactosidase by Schmid et al. (1979). Immunodiffu
sion studies revealed three serological subclasses of

-galactosldase, which are correlated with the biological 
and geographical origin of the host strains. It was concluded 
from this experiment that *raf determinants of all ‘raf’ 
plasmids tested have evolved from a common ancestor.

In toll cells, melibiose Is transported by active 
transport system. Because of the similarity of substrate 
specificity to the lactose transport system (IMG peraease-I), 
the melibiose transport system has been termed IMG permease-II
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(Prestidge and Pardee, 1965)* Melibiose, utilization in 
£. doll is dependent on the melibiose locus *mel* which is 
located at 93 min on the genetic map (Baehmann, 1983).
The -}mel* locus induced by several <=c-galactosldes (Prestidge 

o.ynB_ Pp.^d^e.1965; Schmitt, 1966) and its expression is controlled 
by the cAMP-CRP regulatory circuit (Gkada gt, al, 1981). 
Melibiose is also an inducer of the *lac* operon and can be 
transported into the cell by lactose permease protein ‘Lac-Y*. 
In fact, as expression of ’mel B* is temperature sensitive, 
influx of melibiose at 38-408C is dependent on Lac-Y 
(Beckwith, 1963; Prestidgeowi. ,fo*ie.e. 1965). The ‘mel* operon in 
E« Coll consists of atleast two structural genes, ‘mel-A* and 
•mel-B*, coding for <*. -galactosldase and melibiose carrier 
respectively (Hanatani et 1984). The *mel-A* and *mel-B* 
gene products were identified using maxicelis harbouring 
plasmids carrying the melibiose operon by Hanatani et al.(1984). 
The apparent molecular weight of * mellA. * coded -galactosidase 
was about 50,000 and that of the melibiose carrier coded by 
*mel-B* was about 30,000 as estimated by SDS-gel electro
phoresis. The structure and regulatory mechanism of melibiose 
operon seem to be similar to that of the lactose operon which 
contains structural genes ‘lac-Z* and ’lac-Y* (Beckwith,1970)• 
Moreover, the inducibility of the operon indicates that there 
mi#it exist a repressor gene similar to *lac-I* (Hanatani et al. 
1984),
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Thus as described earlier there are reports of 
variety of micro-organisms which elaborate enzymes for the 
breakdown of certain toxic compounds of plants, liven though 
there Is a diverse number of micro-organisms that can be used 
to rapidly degrade a variety of entinutrltional factors and 
toxins, inherent problems exist when they are used simultane
ously to ferment legume based foods* This is because of the 
problems of interaction among different micro-organisms leading 
to the survival of only a few dominant strains* An ideal 
solution for the rapid microbial degradation of antinutritional 
compounds and toxins would be to construct novel strains, 
which would have the genetic potentialities to degrade a wide 
variety of toxins simultaneously* The use of one such strain 
would eliminate the interaction among different micro-organisms 
and yet would lead to an efficient degradation of various anti- 
nutritional factors and toxins. This can be achieved by 
transferring various degradative genes, whichever is responsible 
for the degradation into one strain. This will involve IMA 

cloning strategies which essentially consists of the following 
four parts ; (1) a method for generating DM fragments;
(ii) a method for joining the foreign DM fragments to vector 
DM; (lii) a means of introducing a composite IMA (artificial 
recombinant DM) molecule into a host cell in which it can 
replicate; and (iv) a method, of selecting or screening for 
a clone of receipient cells that lias acquired the recombinant. 
(Cohen, 1975; Primrose, 1977; binsheimer, 1977),



Thus there is a potential to prepare a novel strain* 
which is capable of growing during fermentation and breakdown 
toxins* The genes coding for the enzymes responsible for the 
breakdown of antinutrltional factors and toxins could be 
present either on the main bacterial chromosomes or on 
plasmids* Therefore, it would be interesting to study the 
genetic basis of degradation of food toxins in bacteria*

The genome of any prokaryotic species consists essen
tially of a single ma^or linkage group, the chromosome, contain
ing all or nearly all the cell*a genes* Many bacteria, are 
known to have additional facultative linkage groups, separate 
from their chromosome, of a much smaller size, which are 
collectively referred to as extrachromosomal elements or 
plasmids (Novick, 1969}*

101

Plasmids are DMA molecules which ar®' :

a) reolicona ; DMA molecules which contain an origin of 
replication and Gaily such DMA is capable of transforming 
other cells?

b) stably Inherited in an extrachromosomal state?
c) genetically homogenous : Thus the heterogeneous circular

DMA molecules which are found in B*. megaterlum (Carlton 
ahd Helinskl, 1969) are not necessarily plasmids;

d) of a constant monomeric size?
e) capable of replicating independently of the chromosome

f) dispensable to the host under certain conditions* 
^ccoTStim^ to Old or<\6 fV»Wvjsaae (\92>6).
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Plasmids are widely distributed throughout the prokar-

ISyotes and vary in size from less than 1 x 10 daltons to

greater than 200 x 10 daltons. Most of the plasmids found in

bacteria are circular double stranded molecules. However,
of

there are reports of existence /linear plasmid DM in yeast

(Gunge, 1982) and sprirochetes (Harbor and Garon, 1987).

Plasmids can be classified as follows according to DJovick gjj. al.

(1976) :

1) Plasmids can be categorized into one of the major types :

(a) Conjugative or (b) non-conjugative - depending on 

whether or not they carry a set of genes called *tra* genes 

that promote bacterial conjugation. Generally conjugative 

plasmids are of relatively high molecular weight and are 

present as 1-3 copies per chromosome whereas non-conjugatlve 

plasmids are of low molecular weight and present as multiple 

copies per cell (fable-25)•

2) Plasmids can also be classified on the basis of their being 

maintained as multiple copies per cell (relaxed plasmids)

or as a limited number of copies per cell (stringent plasmids),

3) Plasmid incompatibility is the inability of two different 

plasmids to coexist in the same host cell, in the absence of a 

selection pressure. Various incompatibility classes of 

plasmids have been defined in which groups of plasmids which 

are mutually incompatible are considered to belong to the 

same incompatibility class.



TABLE-2ft : Properties of some con^ugative and nmccn^ugative plasmids.

Plasmid I Size
(Mdal)

T T| Wo* of !
| copies/cell * Pimotype

...X
Col Si 4.2 Ho 10 — 15 Colic in £1 production

RSF 1030 5.6 WO 20 * 40 Ampicillin resistance
C|o BF 13 6 No 10 Cloaein production

R6K 25 Yea 13-38 Aspicilllii and Streptomycin 
resistance

F 62 Yea 1-2 —
S - I 62*5 Yes 3-6 Multiple drag resistance

Ent P 307 65 Yea 1 -3 Eaterotoxln production

cf. Old and Primrose (1986)

C3
CO
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4) Plasmids also can be classified on the basis of the pheno

typic traits which they confer onto the host cell. Some of 
the phenotypes are listed in fable-26. Most of the plasmids 
have been classified on the basis of their phenotypic 

properties which initially led to their detection (Brod&j 
1979). Thus,there are the R-factors (for drug resistance), 
col-factors (for colicinogeny) of the gram negative 

bacteria, penicillinase plasmids of 8^ aureus and degrada- 
tive plasmids of Pseudomonas so. as described in fable-27. 
Plasmids coding for resistance to antibiotics, degrade or 

modify the active structures by forming less active or 

inactive derivatives. Many plasmids of both gram positive 
and gram negative bacteria have genes determining resist
ance to a wide variety of toxic inorganic cations and 
anions, including ions of mercury, cadmium, arsenic, 
chromium, silver and tellurium (Summers and Silver, 1976).

r\

Evidence that plasmid DMA is involved in carbohydrate 
fermentation (Bfstuthiou and McKay, 1976; Le Blanc et al.19QQ) 

and other phenotypic characters ( Kempler and McKay, 1979;
1984^ expressed by various lactic

streptococci is well documented.

The physicochemical properties of chromosomal and 
plasmid DMA differ widely, a fact which facilitates the dete
ction and isolation of the latter. The resistance to denat- 
uration, sedimentation velocity in neutral and alkaline 
solutions and the buoyant density in alkaline condition are



i Phenotype traits exhibited toy 
plasmid-carried game.

Antibiotic resistance^ 

Antibiotic production 

Degradation of aromatic
CQDJpOaa.dSj

Baemolysin production* 

Sugar fermentation

interotcKto production*

Haayy metal resistance,

Bacteriocia production,

Induction of plant 
tumors j

Hydrogen sulphide
production^

Host controlled, 
restriction and 
modification.

;cf. OM and Primrose (1986)
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all enhanced in covalently closed circular plasmid DM (Old and 
Primrose, 1986). Being a super colled DM, it also adopts a 
more compact configuration than its released equivalent and 
therefore moves faster fthen sedimented in an ultracentrifuge 
or subjected to electrophoresis (Radloff gt e^L, 1967).

v
Importance of plasmids ;

In molecular biology, plasmids serve as excellent model 
system for the study of structure and function of genetic 
material at molecular level - i . . 1’wo great vivtirges
for this purpose are:

1) their relatively small size, generally in the range between 
1.5 to 100 megadsltons (which is sufficient to code for 
1-2 average sized proteins) which means that they are much 
easier to manipulate in vitro than are intact bacterial 
chromosomes.

2) secondly, their host cells can usually -survive without them 
so that the properties conferred by them (e.g. drug resist
ance) can be easily determined (Broda, 1979).

fhus plasmids are tools for molecular biology, especially 
for recombinant DMA technology. Genetic analysis of bacteria 
involves exchange of genes between strains, and plasmids, 
in particular *F*, are important agents of transfer. Certain 
plasmids that can transfer between different genera are being 
used extensively to introduce DMA into novel hosts, an example
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is the introduction of nitrogen fixation genes from Klebsiella 

to E*. doll (Cannon et glL, 1976) and to Azotobacter (Cannon and 

Postgate, 1976) using hybrid plasmids based on *P* and ,HP4* 

respectively.

Plasmid DM is extensively used recently in recombinant
5

DM technology, because it can be Joined with fragments of alien 

DM |n vitro. Genetic recombination essentially consists of the 

breakage and Joining of DM molecules. The development of gene 

cloning procedures now permits DM obtained from a wide variety 

of prokaryotic and eukaryotic sources to be cut in vitro at 

precise locations and the DM fragments thereby generated to be 

coupled enzymatically to a self replicating genetic element, 

known as a cloning vehicle (either a plasmid or a virus genome). 

Hybrid molecules generated in this fashion are introduced into 

a suitable host cell in which they are propagated (Cohen, 1975) 

as described in Fig.6* Thus the host cells containing a hybrid 

molecule can serve as cellular factories for selective amplifi

cation of the cloned IMA segment and in some instances, the gem 

product specified by the cloned DM.

Plasmids can be used as cloning vehicles in recombinant 

DM technology, provided they have following properties (Old and 

Primose, 1981)| (1) low molecular weight, (2) ability to

confer readily selectable phenotypic trait on host cells, and 

(3) single sites for a large number of restriction endonucleases, 

preferentially in genes with a readily scorable phenotype.



Restriction
endonuclease
digestion

Mechanical
shearing

Duplex cDNA 
synthesis

Direct chemical 
synthesis

'■Joining to 
vector

Homopolymer
tailing

Ligation of 
cohesive termini 
produced by 
restriction 
endonuclease

Blunt-end 
ligation . 
(no linker}

Linker
molecules

Introduction' 
into

thost cell

Transfection 
with recombinant 
phage DNA

Transformation 
with recombinant 
plasmid DNA

In vitro packaging 
into phage coat: 
transduction with 
recombinant 
phage or cosmid

r
▼

_

Selection
Genetic Immunochemical ac.’d Recombinational

hybridization

Fig. £ *, (leneruii/ed scheme lor DNA cloning m B.coli- Favoured 
routes are .shown by arrows. Q cf : Ol 4 aTvf Primrose J t98<0
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fixe most widely used plasmid vector Is pfiR-322* 

a plasmid under relaxed control of replication that contains 

both ampicillin and. tetracycline resistance genes and a 
number of convenient restriction sites (Bolivar et al, 1977) 

as shown in Fig.7* Tie complete nucleotide sequence of 
pBR-322 is known (Sutcliffe, 1979)* Naturally occuring 

plasnida which are used as cloning vehicles are listed in. 
Table-28, alcngwith their properties, Plasmid pBR-322 is 

also used as a vector to clone eukaryotic genes e.g. socsato- 
statin, insulin. To date the greatest contributions of 
recombinant DMA research have undoubtedly been within 

molecular biology itself, because this technology has made 
possible the detailed structural and function analysis of 
potentially any gene (Old and Primose, 1936), Recombinant 

DMA probes are useful for diagnosis of genetic diseases like 

hemoglobin disorder (Alter, 1981), thalassaemia (vieatherall 
and Clegg, 1982) and for the foetal DMA analysis (Williaaaon 

~©t al, 19811 Old et al, 1982) in medicine# Using recombinant 

DMA technology, micro-organisms have been engineered to 
synthesise proteins normally formed only in higher animals, 
thus making many of these proteins commercially available 

as shown in Table-29*

The location of desired genes in bacteria can be 

established by different means, viz. by curing the strains of 

plasmids, transformation or cloning studies* However, most of 

the evidence for plasmid involvement in genetic characteristics 
has been based on curing experiments; demonstration of incre
ased proportion of nonproduclng strains (at frequency higher



C/a I 23

Fig.*^* The structure of pBR322 showing the unique cleavage sites. 
The numbers relate to the coordinate of the base which corresponds to 
the 5.' nucleotide of each recognition sequence. The thin arrows inside 
the circle show the direction of transcription of the Ap* and TcR genes. 
The thick arrow shows the direction of DNA replication.
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than mutations) after treatment v/lth curing agents. Although, 
plasmids are stably inherited and can replicate la synchrony 
with cell division* there is some small spontaneous loss of 
plasmid HJA presumably as a result of a defect in plasmid

I

replication in small number of cells* which is infrequent.
' /

However* experimental conditions can sometimes be used which 
enhances the natural frequency of plasmid loss. Compounds • 
which have been used so far as curing agents include acridine 
dyes* novobiocin* mitotaycin-C, ethidium bromide, sodium 
dedecyl sulfate (SDS) etc. but the effectiveness of any 
individual compound vary greatly from plasmid to plasmid. 
Alternatively change in the physical Conditions of growth 
such as elevated temperature or thymine starvation can -also 
result in plasmid curing (Brods* 1979; Bewick et, al, 1930),

Acridine dyes are very effective in curing Bj. coll 
of the sex factor *F* end ,R* factors (Hirota, I960;
Mitsuhashi et al* 1961; 1963)' due to selective interference 
in the replication of the plasmid (Hon and Korn, 1969).
Tomoeda and coworkers (1968) and .Salisbury et al. (1972) 
showed that the detergent SDS was effective in eliminating 
* F«2ac* and the fR* factor plasmids of E. coll. Antibiotic 
resistance plasmids in Enterobacteriaceae and Staphylococci 
were eliminated by treatment with athidiyn bromide at the

fZ
concentration of 1 x 10 M (Bouoaehaud et al* 1968). Curing 
with mitomycin-C was carried out in Pseudomonas putlda of 
transmissible and degradative plasmids controlling camphor 
oxidation (Reinhold et al. 19731 Cfaakrabarty* 1974, ■-1982)



Hg'group of plasmids responsible for resistance to chloramphe
nicol kanamycia, streptomycin, tetracycline and to various 
colt phages were eliminated by treatment with novobiocin 
(Taylor and la vine, 1380)* Novobiocin acts by Its interaction 
with bacteria IMA gyrase which is required for the gupercclliag 
of small bacterial plasmids*

116

The elimination of plasmids by mitogens; -is apparently 
not due to specific' effects of drugs on the extarachromosomal

N

iMkm IMA replication, which is necessary praoaiditian. for 
cell division, constitute a vulnerable target for the action 
of cytotoxic drugs shewn in Fig,8. Acridine dye® and mito
mycin, being flat molecules, intercalate between the stacked 
base pairs of D£M helix and interfere with replication, of fflk* 

During intercalation, IMA helix (a) gets .extended,
(b) locally unwound due to the binding reaction and (c) the 
plane of the chr omophor© of the bound drug becomes parallel 
that of base pa. trs; thereby Interferes with the replication 
of IMA, (Vlo.su ng 19 s '3
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Rationale of the present investigation t

Detailed studies were carried oat in this laboratory 
t© detect the type of micro-organisms involved in the ferment
ation of Indian foods such as *idli* "Idsamaia*, *dhokla * and 
♦acyidii* (Ramakrishnan, 1379)* The data on microflora 
identified in different Indian fermented foods by various' 

investigators are presented in Sable-30. Total and differen

tial bacterial population in the batters of Indian fermented 

foods are given in Xable-31» from which it can .be; concluded 

that L*. meaenteroldea and Xactobacillus an* are the dominant 
microflora in fermented batters. It was found that these 

micro-organisms originate from the grains used for preparing 
these fermented foods (Table-32 K The chemical changes brought

t

about by micro-organisms during fermentation are increase in 

free. sugar* amino nitrogen and certain viramins as well as 
' degradation of toxins and antinutritional compounds as descri
bed earlier. . It was found that L. mesenteroidss (HA.) isolated- 

from ‘acyldli* tatter can breakdown hemagglutinin due to the 
presence of hexosaminidase* mannosidase and protease (Rao and 

Ramakrishnan, 19^). Whan autoclaved soyidli batter was 

inoculated with a mixture of bacteria namely L*. me senteroldea 
(HA), fgrmentl. h. delbrueoll and Bacillus so.,, a complete 

hydrolysis of hemagglutinin ms observed in addition to other 
chemical changes during fermentation (Rao, 1978).
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These studies as well as changes found during ferment
ation* raised the question whether some of the micro-organisms 
present in fermented batter or stored grains can also breakdown 
flatulence producing oligosaccharides (present in almost all 
the legumes) and the neurotoxin (present in L.' sativua).

Ae described earlier though L*. sativus has got a high 
protein content and resembles otter commonly used legumes in 
taste and nutritive value t also contains antinutritional 
factors and neurotossein* i-reliminary studies carried out in 
this laboratory showed that fermentation of L*. ^ativus removed 
oligosaccharides completely and neurotoxin to some extent* 

Therefore the objective of the present investigations was to 
study the mods of breakdown of oligosaccharides and neurotoxin 
(GOAP) by bacteria isolated fros fermented foods or stored 
grains. Furthermore studies were also aimed to investigate 
whether bacteria can grow along with dominant microflora of 
fermentation and degrade these toxins. The present studies were 
therefore undertaken to study whether any bacteria involved in 
fermentation and those which are present in stored grains, can 
hydrolyse neurotoxin and flatulence producing oligosaccharides 
and. if so, study the mode of hydrolysis of these compounds by 
the bacteria due to the elaboration of the enzymes.

Attempts were therefore made to $

1) search for andf if present* isolate raffinose and neuro- 
toxin (GDAP) hydrolysing bacteria from different fermented 

foods and stored grains*
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2) find out their ability to ferment L. sativua batter 
and degrade these toxins in the presence of other 
bacteria,

3) detect raffinose hydrolysing and OMP hydrolysing enzymes 
namely ©c. •galaotosidase and OMP hydrolase respectively 
in, raffinose and OMP hydrolysing bacteria,

4) purify and characterize -galactoeid&sa and inverted 
from a bacterial isolate,

5) screen the bacterial isolates which are capable of 

degrading antlnutritional factors and toxins for the 
presence of plasmids and to study the genetic basis of
raffinose degradation?

6) to raise antibodies against ^-galactosidasa of Bacillus 
so. I for studies m immunological properties of the 

same.

She so data are incorporated and discussed In this
thesis.


