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INTRODUCTI G

From the time immemorial, selection of safe end nutri-
tious foods wes made on a trialf and error basis. The outcome
of this selection was that, from the neclithic era to the
pregent, the leguminous grains ftogge*thet with some cereal grains,
were chogen &s food that nourished civilizatich after civili-
“zation in many if not in most x%gicns of the worid. In some
| areés legume foods ‘wére partial%ly or totally replaced by
animel products while in others they have peintained thedr
ogition as important asources af supplementary protein
{Bressani and ulias, 1974) .
1t is now widely recogniz G that agrolaconcmlc consle
derationss necegaltate the use o:f plant focds for meeting human
nutritio méuiremen’i;s,, The maJor plant foods available to the
poor in developing countries are cereals, millets and legumes
(Hulse, 1980).

i

Legumes constitute ons of the richest and cheapest
_saureeé of diétary proteinsg fdi; large se:zgmen"i;:\s of the world's
population, particularly in th?se countries in which tlg congumne
ption of gnimal protein is limited by nonevailebility or is
ge 1.;,-impcs@d because of cultural or religicus habits
(liener, 1962). legumes are a’ ‘major source of food in “i:he
world with an annual prc:»ductiaz:x in excess of 100 million metrié
tonnes (Olson et al, 1982). The family 'lLeguminosae’ comprise
approximately 600 genera with éarcund 13,000 s«paciés, out of
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which enly a few, aboui 20, are of economic Importance as
legume foods, which are conmgumed by humens elther immature

or dried.

lMany of the cereals and millets are poor séurc@:s of
protein besause of their deficlency in certain essential
amino acids like lysine (e.g. wheat, maize) and tryptophen
(eege jowar, kodri, maize) (Ramachendran and Fhansalkar,1956;
Kuppuawamy gjé_ al, 1958) or due o an imbalance of amino acids
like leucine and isoleucine (Table-1). (n the other hand,
legume graing contadn twice as much protein as cereal graing
and are a rich source of 1y.§me, although relatively low in
total sulphur containing amino acids (Llias et al, 19643
wliag and Bressani, 1974; Bressani, 1973). legumes can be
considered as} a relatively cencentroted soar;ce of protein,
although compared with the FAO (1973) provisional amino acid
scoring pattern, they sre 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 complemedbyto cereals (Aykroyd ef al, 1982).

The principal gpecies of legumeg belong to the

genera Phaseolus, Pisum, Cicer and Vicia, and they have

o S PO

relatively high protein content (20-30%) in comparisan with
cercels, a low fat (2-5%) and high carbohydrate (5560%)
content. The oil-seed pulses,‘ such as soybean (Glycine max)

pea nut (Arachis hypogea), winged bean (Tetragenolobus
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purpureus) and a psrt of lupine (lupinus spp.) are distinct
in their group, because of their higher oil and/or protein
content (Saio, 1980), Data on nutritional quality of varicus
legumes are given in Table-2, which suggest that the forti-
ficaticn with limiting amino acids improves their protein
quality snd a considerable portion of pulse protein is not
hydrolyzed into amino acids in the digestion (Saio, 1980).

legures are not only a good supplement to cereals
because of their favourable amino acid composition (Table-3)
(Phansalkar et al, 1957; .. ' roic. .00 toerdhen, 19573
Daniel et al, 1965; 1970; Bressani et al, 19743 Hallab
et al, 1974) but also form a valuable scurce of nutrients
like thiamin, niacin and iron (lable-4), Thus in poorer
parts of the world, legumes act as & valuable supply of
protein, caleium, iron, thiamin and riboflavin, Added to
western diets, the contributions of legumes as aug:g)le:nep'ts
for animal products in terms of dietary fibre and‘complsxA
carbohydrates would bring these diets closer to recommended
dietary goals (Walker, 1982),

Given the economic compulsicns of the situation pre-
vailing in India, the average per capits income is Rs.2340
per annum with a subst;antial proportion getting less than
Rs.1000-1200 per anmmum and land available being very less
(C'}.y. - ReReDey 1987), a solutim in terms of increased supply
of milk, eggs, meat and industrially processed foods, is
| unthinkable and .one:. hes to rely mainly on foods of plant
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oxfigi.n 5Q§rm%%a r?l}gi;g ‘.fecmmandaﬁion‘s for Amproving the nutritim
of ﬁh‘ez. Indie hag the largest area in the world under pulse
crops. In this country, bengsl gram, green gram, reéd granm
and black gram are the chief legumes cultivated end consumed,
all of which are easily dehusked and decorticeated. The whele
legumes are referred to as 'pulses' and iz split mes
as ‘'dhals', lathyrus setivug or 'kesari dhel' also forms a
staple item in the diet of a major part of rural populaticn

in parts of Madhya Pradesh, Uttar Pradesh and Bihar, in India,

For reasons, which sclentists have yet to fathom,
nature has seen fit to endow many plants with the cepacity to
synthegize a wide varletly of chemical substances which are
known to exert a deleteriocus effect when ingested by man and
animals, Included emong such plents are the many .varieties
of legumes (ldener,” 1975). |

. Haw pulseg contain a wide range of antinutriltiocnal
(antiphysiologicel) fectors end toxic substances such as
hepageglutining, protease inhibitors, amylase inhlbitors,
allergens, cyanogens, lathyrus factors, gcitrogenig factors,
cestrogens, saponine, antivit_amm factors, metal binaing
- constituents, flatus feetors etc. (ldener, 1962; ~£7 . 1969;
1976a; Jaffe, 1969; Pusztai,‘ 1967; Liener, 1580; uvalker,1982;
klkowicz end Sosulski, 1982) (Tadle-b6). Acc crdﬁng to
Liener (1976g) presence of antinutritional fectors is oné
of the main dra\ébacks limiting the nutritional and food
qualities of the legume.
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it is perhaps iroic to note that although legumes
have essumed such an important role in human diet, they have
at the same time wide variety of substances which may be
considered toxic to the humen body (Ldener, 1962). Through
trial and error men has not only learned to avoid those
foods which produce immediate ill efifects, b{zt he has also
deviszd ways and means of eiiaiinathxg them from othars.

Csborne and Mendel (1917) observed that young rats
given a diet conbaining heat treated soybean Llour grow
better than rats given raw suyflour. Subsequently, this
was confirmed by a numbey of. investigators using a variety
of experimental animels such as mice, pigs, chicks and
ducklings (liener et al, 1949; i'}xe’xymbashi and lyman, 1966;
Gertler et al, 1967; Liener and Kakade, 1969; 1980; ‘”
Hewitt et al, 1973; Kakade et al, 1973; Nedar and Kledn,
1973). The factors related to tm \improvement_ of the
mutritianal value by heat treatment were 3 1) trypsin
inhibitors and 2) remagglutining, primerily., [eeding
soypeans and other legumes cantalning active trylp'sin
inhibitors to the animels causes deleterious effects like
growth inhibitim, reduction in digestibility, hyperplaszia
and hypertrophy of psncreas (due to hypersecretion of
pancreatic enzymes) and interfarence with the utilizatim
of sulphur amino acids, pértly or fully due to antitryptic
activity of inhibitor (Liener, 1962; 1976p,;ackia, 1965;
Anderson et al, 1979; Rackis and Gumbmann, 1981;

Cates and Morgen, 1982; Gallaher and Scheenmen, 1984;
Gumbmenn et al, 1986). Ldible grade soyproducts containing
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regidual heat resistant tryp'sin ;i;nhibitor activity | have bgen
shown to increase the risk of pancreatic neoplasie in rats
(Gumbmann et g_}_, 1985; Morgen et al, 1986), Recently it has
been suggested that foods with trypsin inhibifcra do not
initiate pancreatic cencer, but rather they promote the
development of pancreiatic cancer initiated by chemical other
than trypsin inhibitors (Roebuck, 1987). (n the other hana,
there are other reports that various protease inhibitors
including trypsin inhibitors may actually prevent some forms
of cancer (Troll et al, 1984; weed et al, 1985). The corre~
latian between the nutritive value of edible seeds and the
content of protease inhibitors present is the subject of

much controversy.

lectins (hemagglutining) constitute a class of
proteir;s characterized by their property to bind to carboe
hydrates and glycoproteins, and have been identified as the
princlipal compoment reapensible for the poor nutritive value
of meny legumes when consumed in raw staie ( Liener, 1986),

The presence of these phytohenagglutinins in legumes
which have the ability to agglutinate the red ﬁelood cells
from varid;s species of animals has long been recognised
(Goodard and Mendel, 1929; Russel et al, 1946; liefer and
Pallanach, 1952; Jaffe, 1969), These hemagglutinins are
toxic when administered orally or intravenously to mammals
and birds ('Jaffé, 1973; Liener, 1974). Regarding the effect
of hemegglutinin on animals, many investigators have reported
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growth retardation and an increased mortality rate In rats fed

hemagglutinin containing lemes such as soybeans (Usborne and
Mendel, 1917; Ldener and Kakade, 1969; Nisten and Liener,
1976a,b), kidney beans (Jaffe and Brucher, 1972; Coffey et al,
1985) end navy beans (Kakade and Lvans, 1965a,b). rancreatic
hyvertrophy, increase in weight of the kidney and heart, and
fatly metemorphosis of the liver ere the major symptoms in
animals fed raw beans containing hemagglutinins (de Fuelenaera,
1964L; Kakade et al, 1965; Liener, 1976b). lemegglutinins are
found to get bound to many of the structural and functimal
glycoproteing of various tissues including specific receptor
sites on the surface of the intestine, a phencmencn that would
‘acceunt for the decreaged absorption of nutrients like glucose
in the intestine due to change in membrane permeability
(Jaffe, 1960; Jaffe sxﬁci Cane jo, 1963; Clarke and Denbough,
1971; Steinmen and Stryer, 1973; Ltzler, 19‘74;%3{1\»'9:10:‘ and
Weidmann, 1976; Jaffe, 1980). Pusztai gt al. (198}) cbserved
thet in rats fed kidney bean, the poorly digestible lectins
react with the intestinsl cells in vive causing destruction of
many of the brush bcréers of the deodenal and Jejunal enterc-
cytes which leads to the abnormal absorption of poten’biaily
barmful substances. Recently it has been established that the
toxicily of lectins hag been attributed to the fact that they
bind to glycocanjugates located on the luminel surfece of the

' gut, causing marphologicel changes, leading to an impairment
in the normal physiological functlons of the intestine

(King et al, 1980; 1982; Rossi et al, 1984; Donatucci et al,
1987). | |
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Phytic acid, commonly called myo-inositol hexaphos-
phate or 1,2,3,4,5,6-hexakis (dikydrogen phosphate) myow-
inositol (IUPAC-1UB, 1968) is present as phytin (& mixture
of calcium, magnesium snd potassium salt of phytic acid)
in almost all the legumes and some ceresls upto a level of
approximately 5% by weight (de Boland et sl, 1975)., Phytic
acid chealtes divalent cations like calcium, magnesium, irm
and zinc to form insoluble complexes which are not readily
absorbed in the intestine (Devies and Nightingale, 19753
Lavies, 19793 Davies and Olphin, 1979; Taylcr and Colemen,
1979; Reinhold et el, 1980), The prolomged ingestion of a
diet containing high content of phytate has been implicated
in theaetiology of certain skeletal disorders (ls‘ox*& et al,.. . .
19728,b; Reinhold et al, 1973). Hickets and Osteomalacla are
reported to be common amang populetions in Northern Indie and
Pakisten where wheat bread is consumed in exces:é, suggestjx}g
" that high content of phytate in wheat may interfere with
calcium absorptian (Vaisimava and Rizvi, 1971). The intere
action of phytate with zinc (Zna"') has been reported in the
rats, chicks and men (Davies end Nightingale, 1975; Ranhotra
et ail, 1978; Solomans et al, 1979). Phytate has also been
shown to have en inhibitory actiom egainst enzymes éuch as
pepsin, oc -2mylase and trypsin (Kanaye et al, 1975;
ladhav Singh and Krikorian, 1982; bDesphpende and Cheryan, 1984;
knucJsles et al, 1985). Fhytate affects the body by forming
pgrotein-phytic aclid, phytic acid-mineral-protein and other
related complexes (Cheryan, 1980; Wise, 1983; Knuckles e} al,
1985). 4inc deficiency produced by dietary phytate is
implicated in the loss of immune functions in mice (leucke,
1978; de Pasquale et al, 1979). However, it has been reported
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that over a period of time adapticn to high phytate diet may

occur in people teking high phytate diet (Bhaskarsn and Heddy,
1979). Studies on geru free and conventiommel rats by wuige and
Gilbert (1982} indicate that only bacteriel phytase is
involved in the digesticn of phytate in gasitrointestinal
traci, Tamins (which are present in Sorghum and several
legunes)sre known to impeir willization of proﬁe:ms in human
and animal diets by binding with and ceagulating protein
(éutler et al, 1984; Reddy et al, 1985J). A number of anti-
nutrients may reduce the bicavailability of plant seed
proteins through their inhibitory activities towards the

digestion or absorption (Ikeda ef al, 1986},

smeng the legumes, soybeans and peanuts have been
reported to produce goitrogenic effects in animals(Van wtten,
1969), Several workers (Van Wyk et al, 1959; Hydowitz,1960)
nave reported a number of cases of golter in hupan infants
fed soybean milk. The goitrogenic principle frem soybeans
has been partially purii‘ied: and characterized as a low
molecular weight oligopeptide composed of two or three amino
aclds or a glycopeptide consisting of cne or two amino acids
and & sugar (Keaijn et al, 1972; 1973). Raw kidney beans
are belleved to cantain an antagonist of vitamin L as
evidenced by liver necrosis in rats and muscular dystrophy and
low levels of plasma tocopherol in chicks (Hintz end Hogue,
1964; Lesai, 1966). Edelstein and Guggenhreim (1970a,b)
demcnstrated that wmheated soyflowr is deflcient in
vitenin By, and contains a heat labile substance that
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increases the requirement for vitamin B,s. Iroad teans
‘contain aubsté.ncez viz, divicine end lsouramil which catalyze.
the oxideticn of glutathimme and cause a disease known as.
'fevien' {Donoso et al, 1969; Mager et g,)_.‘; 1969}, Sapmins
present as triterpend glycosides in significant aumounts in
legune grains (Cakeniull,’lg&l.g impart bitter J‘t&&fﬁ@ to plant
foods and cause physiological disturvances and toxicity 4o
human system (George, 1965). Sapomins, alsd lowerg levels

" of plaema cholesterol (Cakeniull et al, 1979; Cheeke, 1976,

The indigestible substences present in cereals and
legumes are cellulose, hemicellulose, muclllageg, pectins,
saponins, glycosides and alkaloids (Y¥cCance and Widdowson,

1946; Aykroyd and Doughly, 1964 Swaminathen, 1967; Liener,
196?). They are not acted upon by the digestive enzymes of
the gastrointestinal tract and are mainly excreted in the

feces,

“Admong all the toxing and antinutritional factors
which are preseanl in legumes, flatulence producing =%
oligosaccharides (which are present in almost all the leguméa)
and neurotoxin (which is present in L, gativug) are described
further in deteil,

Flatulence producing oligosacchapides

Carbohydrate serves as the major source of fuel or
energy in the aﬁerage human diet (epproximately 46i%) of this,
much is in the form of polysaccherides, 20)% as starches and
dextrins, largely derived from plant foods.
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The utilization of carbohydrate part of the dlet is

governed by three major factar; vize its breakdown by dig@ gt~
ive enzymes in intestinal tract, transport of mon@saccharides.
ecross the mucosal membrane of smell intestine and finally
intrécellulax' phﬁspnoryla*sicn allowing entry into the meta.-
bolic processes, Iiemnce only carbohydrates which have

structure compatible with structurel requirement of each of
the above systems will be of nutritional value, Thus the
carbohydrates which we Gonsume can be divided intoe dletary

end nen-dietary. Major dletary carbohydrates of men consists
of starch, sucrose, maltose, Iaqtoae, glucose and fructose‘.
Free sugars are not attacked by digestive€: enzymes, bul are -
abgorbed intact through swall intestine, LCelluZLesé hemicelliw
lose, pentosans and reffincse family of oligosaccharides are
nmnmdigestible carbohydrates of mmans; , However, due to
absence :}f necessary tissue engymes the galactosaccharides

of tihw raffinose family (flatulence producing oligoeaccimideé)
are microbially metabolized in the distal part of the mtestine.

uligesaecharidea ere nuperous in plants and can be
clageified into two classes: the primary and secondary
oligogaccharides (KXandler and Hopf, 1980). FPrimery oligo-
saccharides comprise those oligosaccharides synthesized
in vive Ifrom a MONO~ OF oligéaamharide and a glycosyl denor
by the action of a glyccsyltransfefase. They ocour firee in
significant amounts in plants and are of metabolic relevance,
a.g.. primer functiocn, energy storage,' translocation, frost

resistance etc, Secondary oligosaccharides comprise all



18
-0ligosaccharides arigsing by hydrolysis of higher oligosaccha~
rides, polysaccherides, glyéogroteiné and glyeolipids in vive
or in vitre which exert their function as structural components.,
Vligosaccharides based on sucrose are primary oligosaccharides
which are formed by the transfer of galactopyrancsyl, gluco-
. pyrenosyl or ﬁ’uc%ofuranosylf residues to sucrose. Thus
raffinose family of oligosaccharides which are formed by the
transfer of galactopyranosyl residues to sucrose are parimary
. oligoseccharides., Sufrose is also an important precursor for
the synthesls of D=glucosyl esters of nuclecside diphoesphates
and thus takes part in the blosynthesis of complex oligo and
pélysamharic}es (ley, 1980). b '

, The raffincse family of oligosaccharides is conatitue

ted of sugars relsted to raffinoge byA the fact of having me
or more o -D-galactopyranocsyl groups in their structure.
:.3_55.1 shqws the @mg&gqa%%ﬁgg%t}%g ng&&%m%%’g&:nt
members of this family/ where the basic unit is suerose and

p=galactoge units are bound to gluccsey-;met%hes@' Eﬁ--ga.‘cact’csyl
graups are i‘éund in nature Joined to sugars such as D-glucose,
%o aucﬁrose, to certain polysaccharides, and to a few non-

sugars such as glycerocl and inositol (French, 1954).

The oligosaccharides of raffinose family are wid@ly‘
digtributed in higher plants (French, 1954; Kandler and
Hopf, 1982; Dey, 1985). These pmlactosyl derivatives of
sucresé?;rgccumulated in leaves during photoéyntmsis
{Senser end Kemdler, 1967) and in seeds duriné meturation

(imutl and Pollard, 1977). When raffinose is accumulated in
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higher concentrations, it 1s virtually always accompanied by
stachyose and at least traces of verbascose (Kendler and
Hopf, 1980). Among the. oligosaccherides, raffinose and
stachyose are wide spread in ,plén‘l:a, mainly accumulated in
storage organs, whereas verbagcose and ajugose are less
abundant in plants (Nigam and Giri, 1961; Jeremias, 1962;
lehmen and ¥c Ilory, 1967). These members of raffinose
femily of oligosaccherides are present in apprecmiéle ¢concene
tretions in the nuiriticnelly important food legumes (Table-7).
Soybesns have the highest levels of raffinose (1,95) and
stechyose (5.2%) while chickpeas end pigeon peas have the
high levels of verbascose (4.2%) (Hardinge et al, 1965;
Gritofaro et al, 1974; Goel and Verma, 1981).

 The kinetics of the synthesis of these oligosaccha~
rides are typical of reserve substences. The formation of
‘oligogaccharides ﬁurihgphotasy'nthe sis 'has been demonstrated
by several workers (Trip et al, 1963; Seneer and Xendler,1967; ’
Tamer, 1969; King end Zeevart, 1974). It wes found that
in the leaves of several plants subjected to phdtc:syntmsia

4

in presence of | CO,, radicactive incorporation takes place

in x’aistsfihose, stéchyose and an wnidentified oligosaccharide
that has four D-galactosyl residues (Nikaido and Hassid,1971).
Sufficient in vivo and in vitro evidences have accumulated

to describe the biosynthesis of the raffinose series of Oligoe-
saccharides as a sequential actlon of geries of o« «~Degalactosyl
transferases (GT) catalysing the reactions askefh“cm in FPig.2.
According to Dey (1981), galactinol is ¥nown to =erve as a

D=galactosyl donor in D-galactosylation reactimmsa catalyzed



TABLE-7 3

legumes and cereals,

Distritution of flatulence producing oligosaccherides in seeds of varicus

Kuo et 21,1988

; Total ! Oligosaccharide cantent (gn/ 10€}g of total dry wt.
Legume fCereal | Carboe- ‘ 1
n%rgx;ate Rafiincse H Stachycse : Verbascoae
———. . 3 . J
Chick pes 60.9 1.0 2.5 ho2
Cow pea 545 - 0. 2.0 3.1
Fleld besus 6“3;6 0.5 241 306
Horge gzran 572 Q.7 240 341
lantils ’ 59.6 0;6 Lo 390
Iima bheans 579 - Q.2 -
Green gran 56.7 0.8 245 3.8
Black pram 539.6 0.5 1.8 - 347
Peas (yellow) 56.5 11 2.7 4o
Soybeans 20.9 1.9 5.2 -
Groundnuts 38.0 0.89 1.5 -
Kidney beans €0,6 0.39 56 -
Red gram 57.6 1.10 2.70 4,10
Horse beans - 0.023 1.07 14
Bariey £9.6 0.79 - -
Whest T1e2 0.71 - .-
Comm 66,2 0.31 - -
Rice 7862 o - -
Rye - Q71 - -
et al. g
Values derived from fhrdinge et al.(1965), Cristofarc et al.(1974) oatm“ﬁgas ) and Kuro
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by specifié enzymes aand & pathway Involving galactinol aa the

bLegalactosyd danor is the most important for the blosyntheslis
of raffinose family of oligosacclarides in plants.

in 1962, Korytnyk end Metzler showed the formation of
raffinose and its higher hamologs in the meturing beans of
thoseolus lanatug, and suggested the participation of
- UbbeDegalactose as the Degalactosyl donor in the blosynthesis.
Bourne and coworkers (1962) dememstrated that ean enzyme prepae-
ration Irom the mature seeds of Vicia fabe is able to syntlesize
reffinose when incubated with a mixture of sucrose, of =Degoléi
ctosyl phosphate and UTP., 1t was suggested that the later two
compounds react enzymatically and preduce Ulr-b-galactose,
Uegalactosyl group of which is then {ransferred to sucrose to
form raffinose, Although the two enzymes gelactinoel sucrose-
~b=galactosyl transferase (GST) and galactinol : raffinose~=be
galactosyl transferase (GRT) exhihit some hydrolytic activity,
they difier clesarly from c-galactosidases according to sope
group of workers (Xandler and Herbert-tiopf, 1980). However,
earlier studies carried ocut by Dey and Pridham (1972)
suggested that « -galactosidases from seeds catalysed transfer
of the galéc’cesyl group of oc -Degalactosidex - o gucrose,
raffinoge and other higher oligosaccharides.

The important functions of oligogaccharides in plants
are : good source of carbohydrate reserve in vegetative
starage organs (vWamer, 1958; .. Jeremias, 1969; Dey and
Pridbam, 19%9), role in cold-acclimation (levitt, 1962; 1972;
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Alden and Herman, 1971; larcher et al, 1973; Dey, 1985 ),
photoperiodism (Kendler et al, 1979), primer for the
synthesis of higher oligosaccharides (Dey, .. ° ™\ %3%,19380)
| end importance in sugar translecation (Ziegler, 1975).
Kandler et al, (1979) showed that raffinose synthesis and
cold acclimation are strictly coupled even under the influe
ence of unnatural combinations of different pho‘cop&fimis.
By in yifro experiments, it has been shown that protoplasmic
mepbranes of plant cells are damaged in frost and drought |
and this damage can be protedted by some mono and 0ligoe
_saccharides (Heber and Santarius,, 1964; santarius and Heber,
1967). It hasg been suggested that affinity of the hydraxyl
groups for water may influence the micreenvirament of the
labile membrane bound proteins, thus stabilizing them against |
different stress conditioms by binding directly to the protein
molecules preventing their densturation (levitt, 1972;
Senterius and Milde, 1977).

In several plant pm species, the levels of raffinosze
saccharides in seeds have been shown Lo decrease during
germination (TSufel et al, 1960; Pazur et al, 1962; Aman, 19793
Heddy end Salunkhe, 1580b; Doman et al, 1982; sbdullab et al,
1084; Uloghobo and Fetuga, 1986). Letailed informetion
regarding;‘ the mobilization of these oligoseccherides in
- seed components during germination is limited. However,
recent studies done by Kuo g al. (1988) suggest that
raffinose saccharides are hydrolyzed directly in colyledons
during germination ratmr than being frar;apcx"sed to enbryenic

- axes for metabolism.



29

The enzymes involved in the degradation of the
raffinese series of oligosaccharides are << -galactosidase
and ?‘ ~D-fruct ci’umnosidase,' the levels of which increace
during germination of seeds (Dey, 1978; Pridham and Dey,1974). |
Ueliblose, the splitting product of raffinose after thé
aeticon of ? -C-fructofuranosidase has been found in storage
orgens and even in areas which oc’nte}in large amount of -

raffinose,

The metabollsm of the members of the raffinose family
of oligosaccharides in humans would ‘require the presenée of
=c ~galactogidase in the intestine., However, such an enzyme
does not seem to be pregent in man and other animals
(Gitzelmarm and Auricchio, 1965; Ru‘g‘@ff et a1, 1967;
cmstafareétf%s;%) + A sipnificant problem associated with the
use of legumes in developed couniries is poor censumer acce-
tabllity due to gastrointestinal discomfort emnd flatus
production (Rackis et &}, 1970; Calloway et al, 1971; Cristom
faro,et al, 1974; Clson et al, 1981). The oc-galactosides:
principally raffinose, stachyose, and verbescose have been
identified as important contributors to these adverss physio-

- logical effects.

Dlair et al. (1947) were among the first investigators
to guantitete the production of flatus in man and o show
thet soybean increased gas production. Steggerda (1962,1565,
1968) working with human subje.ci;s indicated that when beans



are consumed, the normal physiology of the gastrointestinal
tract is altered so that flstulence pfodue‘cim is markedly
stimulated, e cbserved that with & porkebesn diet, fed to
muman subjects, flatus productin increased from 16 0m31’hr

on a normal diet to an average volume of 190 cms'fhr-.

Further experiments suggested that o wgalactogides (raffinose
end stachyose) were the principle sources of gastrointestinal
gases ;i?rmn»scybemq ingested by elither men or dog (Steggerda
et al, 1966; Steggerda, 1968). Members of raffinose family
of oligosaccharides are not digested by men and other anizals
meinly because the intestinal pucosa lack the hy'droiytie
enzyme oc-galactosidase and the oligosaccharides themselves
ave wable Yo pass through the intestinel wall dve to their

26

high moleculer weights.(Tdufel et 81, 1965; 1967; Krause gf al,

1968). The microflora in the lower intestinal tract (colamn)
then metebolize the cligosaccharides end produce nitrogen,

oxygens methene, hydrogen end carbon dioxide and the pH is also

lowered (Hardinge et gl, 1965; Calloway et al, 1966; 1971;
tellendoorn ot &, 1964; Cristofmro et al, 19743 Olson gt al,

1975)« Lvidently, the oligosaccharides are first broken down

to tely costitvent mmca&ccha_r’ides before trqe gas producing
mechanlism can operate, In 1967--63 Steggerda, performing -
experiments both on mon and animals. investigated that
clogtridia group of crganisms usually inhdbit the gastrow

intestinal tract of man and aninals and this flora is respie

sible for flatus with high concentration of carbem dicxide
following ingestion of been products. These results were
confirged by Richards et al. (1968} who proved that bacteria

must be Clostridiup perfringens. Ilater cn Sscks and vlaon
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(1979) bave shown that/diﬁerent strains of C, periringens
vary greatly in their abllity to utilize and grow i raffi-
nose and sptachyose when these sugirs were added to a caseln
digest medium in vitre.

in vitre experiments of Rockland et al. (1965} and

Rackis g ale. (1970) found that the gas producing factor is
closely associated with the oligosaccharidas of the leguminous
weds., Steggerda gt al. (1966) and Rackis et gl. (1970)
studied the effect of crude 704 ethanolic extract of soybean
on flatulence preduction in men snd showed that 1t is largely
due to the ollgosaccharides present in this fraction, while
goybean protein fraction wes found to be nom-flatulent. Thus
the presence of raffinose femily of- oligosaccharides in the
diet contribute to gastrointestinal problems which can cause
a persin to have flatulence and the problemé associated with

f:iatu;:{“eei;al gas expulsim y headache, dizainess,l"’;
~abdominal rumblings, pain, cramps, nausea and diarrhcea
{Cristofaro et al, 1974; laseer gt g_z,,, "!975; Tobin &nd
Carpenter, 1978; Olsan ef al, 1981)., The gas that develops
fran the microbial activity in the colon is more likely to be
trapped in the pockets where it is formed producing pain
during intestinal ¢antractioms. According to Glson et al,.
(1981) belching, bloating, constipatian, diarrhea, overeating,
anxiety and specific food respanses 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 producticn and the

following chemical compenents : stachyose, raffinoze plus
stachyose, glucans and pentosans hydrelysable in diluted
acids. Significent, negetive correlations were determined
between hydrogen production and starch 6r lignin contenta.

Although reffinose family o;t‘ sugars are held respoa-
sible for flatulence, there are reports on flatus producticn
by .si:arch and other unavailable carbohydrates as well
(kellendoorn, 1978; Jaya, 1978). Results of in yitro and
in vivo studies by Faki gt al (1983) indicated that apart fran
cligosaecharides, both the s’caréh and hemicelluloaea COenETie
buted substantially to the total flatulenée effect of chick
pea, cow pea and horse gram. According to Ulaan et al.(1981)
in California swall white beans, the removal of the o -galactoe
sides from beans does not remove all of the Llatus producing
capability of the beans and component of the extracted beans
that could be inmvolved in flatus formatian is the food f{iker..
Hickey gt al. (1972) and Meyer and Calloway (1977} reported
flatus production in young men and elderly women, when tlkey
webe fed bran anéL bran products, which catain large amounts
of foed fiber, specifically hemicelluloses. Sa:l.'yera at al.
{1978) demenstrated the in vitro degradation of hemicellulcse
by intestinal bacteria, The focd fiber content of dry Leans
is considsred to be mam‘ly & bemicelluloze which is presumed
.%o be fermentable in the colon (Hellendoarn, 19763 1978).
Cellulose and lignin are either not present in very large
amgfits in the plant part ingested or they are removed before
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the food is eaten (Hellemiac%t, 1978). Additimal work ié
needed to verify the indigestibility of the fiber fractiom,
its ability to be fermented in the gut to form flatus and
its pozzsib;le synergism with - -galactosides. S$411 the
composition end behaviour of intestinal microflora and their
important role in intestinal fermentation requires further”

research.

Since raffinose famlly of sugars are present in Iood
raw materials such as legumes, known as staple Tfoods in neny
countries, various approaches have been suggested in order o
lessen the flatulence factors from focd legumes, The import-
ant ones are (é ) development of special verieties of legumes
by genetic manipulations that may lower the level of oligo=
saccharides (Dey, 1980), (Q) removel of oligosaccharides
from the legume products using solvents, (¢) use of geveral
food proceasing methods viz. sceking, boiling, parching and
germination (Calloway et al, 1971; Kim gt al, 1975; Ku et al,
1976; Cristofaro gt gl, 1974; Ulson ¢t al, 1981; Sethe et al,
4983 ) and (d) use of enzymes that hydrolyze the oligosacchae
rides (Shallenberger et al, 1967; Suzuki et al, 1969;
Sugimobo ‘and Buren, 1970; Reynold, 1974; Cruz et al, ‘i98‘3 Je
dmong these methods, enzymatic treatments could be applied
either with a érep&ration rich in oc -galaétcsidase or with
micro-organisms capable of utilizing the oligosaccharides
cof the raffinose fapily.



Neurotoxin present in lat grug setivus ¢

Although proteins in the seeds have various biologi-
cal functions such as enzymic, hormonal, stx;ﬁctux?al, re serve
etc, the quality of proteins particularly storage protein
depends on their amino acid content (Roy, 1981). It may alse
be possible that quality of protein may bé good, but because
of the presence of toxins, such &s hemagglutining, protease
inhibitors,- favism factors, alkaloids and free tfsxic-amifw
acids, they are not acceptable, Besides ﬁhe 20 amino acids
that are necessary for the formation of proteins in plants,
there ave meény unusual amino acids found in free sgtate, viz,
v -aminobutyric acid (GABA), 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 wnusual emino acids having structural
similarities to regular protein amino acids 'have been
recognizad (chdan; 1962), They act. in a competitive way in
the bielégical system as entimetabolite s, showing sometiﬁes
growth reterdetion and other abnormalities,

Table-8 summarizes aome of the free ftoxic amimo acids
found in legumes. Legumes belonging to lathyrus and Vicia
species are known to be toxic to 4man and ani&als due to the
presence of free unusual ninhydrin reacting toxic ammo acids
(foy, 1981). lathyrus sativus, Lathyrus gicers end latlyrus
glymenum seeds, consumption of which is implicated in ‘
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clagsical lethyriam, a neurological disease (Ganapathy end
Dwiveds, 1961) contain a high concentration of ES-N-oxalylu
L= «¢,f-diaminopropionic acid (CDAP). Lxcessive oral intake

of lathyrus sativus (khesnri dhal or chickling pea) legume
{which is known by several vernacular names such as 'teoral,
tlakh® or 'lang' dhal) in remote areas of the world causes
hunans and animals to develop a type of spastic paraparegis’
or a crippling disease known as 'meurolathyrism® (Seyle, 19573
ixivedl and Prasad, 19643 Rao'gg_g;, 1969), Disease is
characterized by slow or more rapid onset of spastic parae
paresis associated with degeneration of corticosgpinal pathways
| which results into musculer rigidity, paralysis of leg puscles
and in extreme cases death (Buzzard and Greenfi@lg, 1921;
Filiminoff, 1926; Pulg and Devinals, 1943; Ganapathy and
Dwivedi, 1961; Sechdev et al, 1969; Streifler et al, 1977).
The major symptoms of the neurctoxicity in humans after
excessive ingestion of kesari dhael are weakness, spasuicimf
of leg muscles, convulsims and death in extreme cases,

as described in Table~Y, Lpidemics of lathyrism, chicklinge
pea polsoning, freguent in the past, still occur in endemic
form In some Asian and African cauntries (Streifler and

Cohn, 1981). ‘Neurolathyrism'® outbreaks have been reported
in ﬁfhiopia, Bangladesh, fakistan, Cermany, Greece, italy,
algeria, Iren and India (ICMR Report, 1964; Rutter and

rercy, 1984). 'Neurolathyrism; reférred to in the ancient
Hindu treatise ‘'Bhavaprekasha' and by Hiépccrates

{¢f. Padmanabhan, 1980), Pliny end Galen, continues to be a



' TABLF=Q 3 The four stages of neuroletiyrisa,
{ Patwardhan, 1961)

Stage | Symptoms

I Weakness of lower limbs with spasticlity of
seversl mugeles,
Pain in ankhﬂ. kneesg.
Swing round of the foot while walking.

11 Flexion of knee.
Inversim o-ﬁ‘ foot with tendency to walk with a
stick,

11X Two stick stage prevails.

. Other symptoms become chranic.
v Kneeg completely flexed.

Atropy of thigh end leg nuscles.
No motor disturbence in upper extrimeties.
No sensory disturbance in affected limbs,
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public health problem in the central part of India, especially
during famine, when L. gativus seeds form the main part of the
diet., The main reasons for continuing the cultivation of this
gpecies are that, unlike other grain. legumes, (a,) it can Le
gfown with remarkable ease and does not Involve complicated
managerial services, (b) it hes a high degree of adaptability
under extreme conditions,and (¢) it is a traditimally favoured
item of food and feed among economically handicapped segments
of the society. loreover, under extreme conditions, such as
drosght .and water logging, this is the only crop that remains
available to the poor because of its hardy character (liisra

et al, 1981)

_ extensive studies have led to the recognitiocn that
lathyrism in human beings, which 1s characterized by spastic
paralysis of the legs as & result of neurological lesims of
the spinal cord degeneration, is quite different from the
skeletal atnormalities induced in experimental animals by
feeding L. odoratustcr g ~aminopropiomitrile (BAFN).
eyle (1957) clearly distinguished between the two forms of
lathyri.sm, he referred to the latter manifestation, as

ogteolathyrism® and to the human disease as "neurolathyrisam®.

Neurolathyrism generally appears when a diet consiste
ing of one-third to cne~half of L. gativus seeds is consumed
for 3-6 months (Dwivedi and Prasad, 1961). The disease afilicts

adulic. humans who have consumed a nutr;timally inadequate diet
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containing 200z or more per day of L. gatlwvug seeds for several
months (Dwivedi and Prasad, ’3954';, Sarpa and Padmenaban, 1969).
Pasaios and Démcpaulos {1962) reported that the consumption of
L. cicera or L., gsativus or both by semistarved psople for a
period of 10 years resulted In neurological symplhoms.

é)‘vt:.reifger et 21.(1977) reported that tre symptoms of neuro-
lathyrlsm were apparent affer an imgriscned person wag kept oan
a diet of L. sgativus for 30 years, But a recent outbreak of
the disease in Ifz’adnyé. Pradesh, India showed that the mset

can occur much eerlier, around 20 days (¢f. Rutter and

rercy, 1984},

Various claims have been made regarding the factors
regponsible for the disease neurolathyrism, The various
fectors reported to cause the disease include (i) an acidic
amine acld, p-N-cxalyl-l- 8 -dianinopropionic acid (Rao et al,
1964; Murti et al, 1964), (ii) a phenol compound of unknown
structure vhose neurotoxic effects are potentiated by certaln
amino acidé., (Nagarajan et al, 1966), (i1ii) a glycoside which
may beé Ne ;S ~D=-glucopyranosyl=N=-o «Je-arabinosyl-(,p-diamino=-
propianitrile (Rukmini, 1968), (iv) deficiency of tryptophan
{(Basu et al, 1956) and bigh selenium combent (Rudra et al,
1952} in L, sativus seeds, Finally studies carried wut by
Reo et al. (1964) and Bell and Tirimanna (1965, lcd to the
identification of unusual amino acids in L, sativus seeds
out of which f}} N moxaly LeleC, ?*diamincpropicmic acid which

iz present along with the other toxic components (Table~10).
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According to Spencer and Schaumburg (1983) the chemical eatity
responsible for lathyrism is still unknown, but for studies

on neurolathyrism, focus is at present placed on this
dicarboxylic diamine acid, which yis also knowa asg p ~N~0xalyle
amino-Ll-alanine (BGia) (Roy, 1981) with the following structure:

HZC - ﬂf COOH
Nﬁ NHZ

Co

CUCH

Three research groups in India (Murti et al,1964; Roy et al,
1963; Rac et al, 1964) have reported the isolation of a neuro~
toxin (ODAP) from L, sativus seeds. Bell and G'lonovan (1966)
cbserved that the naturally occuring neurotoxin (UDAr) exists
in two isomeric formsg alpha and beta, which are ése parable by
high voltage electrophoresiss Hoy and Rao (1968, ShOweCi that
irregpective of the concentraticn of CDAP in different verietles
of L, sativus, the proportion of alpha and beta isomers of the
amino acid remains unchanged, the beta isomer in L. sativug
ranges from 92 to 965 of the total CBAP content.
!f .

There have ‘ﬁéen several attempts t0 egtablish the bio=-
synthetic pathwey of CDAF in plants. Bassd on the structural
relationship of CDAP and its occurrence in high concentratima

in L, setivus, serine had been suggested to be the grecursor
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of the diaminopropicnic acid molely in the biosynthesis of
UDAP (Murti end Seshedri, 1964). On the comirary, Roy (1969)
cbeerved that when L, sativus seeds were germinated in the
presence of Dl-serine-3-'%C and OLAP was isolsted and purified,
no radloactivity was found t0 be associated with the CLAP
fraction, suggesting that serine was not a precursor for ODAP

synthesis,

It is interesting to note that the ixatura.lly ccocuring:
osteolathyrogen %-(\( -zlutamyl) aminopfopioni.trile, and
the neuroctoxic amino acids including ODAP are biosynthetically

ter-related as showa in Fig.3 (Nigem and Ré?gler, 1964; 19663
nessler et al, 1961)., With regard to the biosynthesis of UDAP,
evidence has been obtained to indicate that (U-‘MC) oxalic acid
is incorporated as an unit into OLAP in the germinating seedling
of L. sativus (Malajthi' et al,1968). It has been demonstrated
that C-labelled OLAP is produced when the dibasic acid
<, ~dieninopropionic acid is incubsted with e _1avelied
oxalic acid in presence of oxalyl aétivating enzyme system
requiring Cod, ATP and Mg*® (Jomston and Lloyd, 1967).

Melathi et al. (1967) have confirmed that the transfer enzyme
in L. sativus seedsrreacts specially with the beta amino group
of «, 5 ~diaminopropionic acid. However, other investizators
{Bell and G'Donovan, 1966; Roy and Narasinga ftao, 1968;

wa et al, 1976) sugggesteci that isomeric reérrangement may be

non-enzymic.
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Genapathi and Dwivedi (1961) on the basis of their

epidemiological survey, coneluded 'that symnptoma of the adverse
effects of neurolethyrism do not manifest themselves in the
same menner in both males and females suggesting that the
hormones might play an important role in the females resiste
ance to the disease, Thesge conclusions were supported by

bag et al. (1974) who found the ratio of patients to be

16.9 males to 3.5 females,

To find out the actual toxic reactions involved during
neurolathyrisgm, different animal models were tried out to
create the exact neurctoxic symptoms as sunmariged in Table=11.
Experimente by Roy et al.(1963) and Nagarajan et ale (1965)
established that the injection of crude 304 ethanolic extrach
of L, sativus seed meal caused neurologicel symptoms in e day
0ld chick., This toxin was shown to be nantoxic to adult
animals (Adiga et al, 1963; Rao g} zl, 1965F Nagarajan gi al,
4965). This led to the hypothesis that blood brain barrisr (BBB)
in the CNS may not be allowing entry of toxin (Curtis and

: : (Rac et al,
Watkina, 1965). In support of their claim, these researchers/
artificially Created an acidotic condition in the adult enimals
through oral adminigtration of acid forming ééli:s such as
caléium chloride and ammonium chloride, end of drugs such as
dimox, sulfenilamide or salicylic acid. Under such conditims
the "EBB" system was broken, thereby enabling CDAP to penetrate
into the brain. During their experiments when CLAZ at the
level of 0.5 mg/g body welight was administered iIntraperitmeally
in acidotic adult rats and mice, the typical neurotoxic
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:syxkzptcmé were observed (Reo et gl, 1967). However, lehta
et al. (1976) questicned the existence of & blood brain
barrier for neurctoxin in the young sqguirrel monkey with a
mature blood brain barrier. These workers showed that a
tracer dose (about 250500 j.xg/kg; body weight) of the

14 opaP can enter the CNS c:'t’:ﬂthe subhuman primate. It was
further confirmed by Rao,zi al, (19780)by injecting
#-labelled UDAP thet the toxin enters the CNS irrespective
of age, species and cmditibnsv 1lke acidosgis., However, the
uptake of CDAP is more in immature brain as compared to the
adult mouse brain (Mehta et al, 1979). Earlier studies
carried out in this laboretory also showed that CODAP is
toxic to adult rats at a dose of 60 mz/100 g body weight
when injected intraperiteoneally (Ramchand, 198%). Thus the
concept of a blocd brain barrier to the neurotoxin (CDAP)
needs further investigations.

COAP vas found to affect the a&ult‘ rats and nice
administered intravenously, in*t:racistemaliy, intrathecally,
intracerebrally or lumbar route (Rao et al, 1967..

Curtis and Watkins (1953’) have foeund that QDAP 1s a potent
excitant of spinal interneurans and betz cells, iatkins
et al, (1966) repcrted that the neurotoxin (CDAP) is the
most potent amino acid excitant of the spinal interneurons
and ?z&tz"cells in the cat spinal cord vhen administered
micro-electrophoretically into the lmmediate extracellular
envircwent of single neurons., Glney et al. (1976) found
that ODAP injected intraperitcneally to immature mice



“ b

. induces lesions in the retina, hypothalamus, and lower medulla
and that this petterm of damage is similar to that demmstrated
- in animals after oral or subcutanecus administration of gluta-
mete. '

Table~12 summarize the verious experiments dome 0
understand the mode of actim of ODAP, when injected into
different snlimals, which did not give any conclusive mechanisn
for neurolathyrism but the other possible mechanism of CDAP
action has emerged as e result of some recent investigatimus.
Mehta et al. (1972) found that ODAP is & potent antaganist of
L-glutamic acid transport in resting yeast cells and these
workers &lso suggested possibility of such an antagonisn at the
synaptic level in the animal brein. Dugue Magalhaes end
Parker (1972) found CDAP to inhibit glutamate trensport in
isclated mitochondria. BOAA is chemically and neuropharmacom
- logically related to glutamic acid and shares the property
of glutamate analogues in ;.uducing convulsant éctivity and
circunventriculay neuroclogical demege when administered in
large single doses (Rao et al, 1969; Roy, 1973; Ulney et al,
1971, 1974; Olney, 1980). Ikeda end Haskell (1972) found that
CDAP blocks the transmissicn of nerve impulse from nerve to
muscle in the fleshfly, a synapse where L-glutamic acid is
believed to be the neurctrensmitter, When applied electro-

" phoretically, ODAP is more poten’ than glutamate as an '
excitant of cat spinal motor neurons and nearly twice as
- active as kainic acid in producing depolarization of ventiral
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roct neurans in hemisected frog spinal cord (Pearscn and Nunn,
1981), These properties of ODAP suggest thet the compound
acts by atimulating postsynaptic glutamate recepiors (Olaey
et al, 1976; Pearson and Numn, 1981). |

Ross gt al. (1985) suggested that CDAP might produce
convulsant activity and neurod al dzmage by inhibiting syna-
ptic reuptake of excitetory neurctransmitters. It is also
reported (Lakshmenen and Padmanzbhan, 1974a,b; Ross et al,
1985} that ODAP (1 mM) competitively inhibits high affinity
uptake of glutamate and asgpartate in rat brain and spinal
cord aynaptosomes. Thus fram all the se experiments, it can
be concluded that the net result of CDAP action could be an
accumulatica of glutamate/aspartate in the synaptic envirme
ment of brain since it is well establisked that glutemate is
both neuroexcitatofy and neurctoxic (Johnsm, 19723 .

Pasimanabhan, 1980). The other possibility is that CDAP
behaves like glutemate and mimics the effects (Padmanabkan,
1980) «

Although conglderable effort has been expanded to
understand the mechanism of CODAP action, the actuaml mpechanism
is still quite unclear or none of these studies are able to
pinpoint the exact bicchemlical abberation respansible for
paralysis and‘dee.th at the administration of neurctoxin to
rats., When L, sativus diets was fed to different animals,
viz. gulnea piga, dogs, ducks, monkeys and birds (Bhagwat,
1946 sinderson et al, 1924; Stockmen, 1929; Patwardhan, 1952;
| fanda et al, 1972) synptons resembling neurolatiyrism were
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not produced, COral administration of synthetic CDAP at
higher dose of 300 mg/100g body weight to monkeys did not
result into neurclggicai menifestation (Rao, 197'5@; " ODAP
is not famd to be attacked by the common digestive enzymes
(Mehta, 1972), In viiro experiments carried out using
‘everted intestinal sac showed that ODAP can pass from mucosal
to serosal fiuid without any hydrolysis (Mehta _e_r_;g al, 1976).
Studies carried out by injecting radioclabe 1led CDAP into
adult rats and monkeys showsd that the toxin could be detected
in CNS tissue as well as other tissues (Kidney having the
‘ highe-at ccentration) but the metabolites of ODAP‘ could not
be detected (Mehte et al, 1976; Rao, 1978a) suggesting thet
these tissues do not posses the enzymes for the hydrolysis
of neurotoxin. Hehta g;é_ al. (1976) reported the presence
of an wnidentified radicactive Eph-dmitrophenyllhydrazmé
derivative of CDAP in» the stomach of squirrel momkey, These
workers also reported the de"cec:t:;l.m of the oC.' ~isomer of ODAP,'
which is nontoxic, that could arise as a result of nonenzymatic |
rearmngesent during extraction and isolation of ODAP (Bell |
and O'Denovan, 1966; Wu et &1, 1976), MNeither UDAP nor
uxalyl-cbﬁ gynthetase activity has been detected in extracts
of cat and rat brain (Johnston end Lloyd, 1967). ODAP appears
to be a substrate for rat kidney L-espartate-2-oxoglutarate
aminotrensferase and some 5-10% of ODAP administered to adult
rafs underge transamination to yield N-»oxalyl; ﬁ =aminopyruvic
acid, while 50«70% 1is extracted unchanged in the urine within
24 br (Cheeun ef al, 197% ). Rao (1978a) also found that
neurotoxin ,{Q&P} repeing meﬁabplically inert in the rhesus
nankey . ' o | |
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tarlier studies carried cut in this laboratory by

Ramchand (19384) also shouéd that even & very high dose of
gynthetic neurctoxin fed orally %o rats did not show the
symptons of lathyrism, whereas when injected intraperitumeally
at a concentration of 60 wg/100g body weight the animal showed
typical gympltoms of lathyrism and died within 10 minutes.

All these studies on oral feeding raises the guestion whether
neurctoxin is metabolized in the intestine end detoxified.
Although the acute slgns of CLAP int ox‘icaticn have been
produced in several species including the chick (Rac et al,
1964), mouse (Mehta et al, 1979) and mwmkey (rarker ef_al,1979),
no gueccessiul attempt to produce chranic ULDAS toxicity in am
experiméntal animal hag been reparté&. (Novris there any
reliable evidence that experimental neurolathyrism can be
produced by feeding 'lathyrus® peas (Misra gt al, 1981)de
HowSyer, recent studies cerried cut by Fehata et gl. (1983)
sugegert that the squirrel monkey is highly resistent to oral
chronic poiscning with a neurctoxin dose of 0.6 Lo 6,0 mg/gnm
body weight/dey. According to these group of workers the
major factors in resistance of sgulrrel monkeys to CDAP
Antaxicetion mey heve been the availlability of nutritiamally
complete stock dilet which wés given to them alang with
synthetic UDAP., Humen lathyrism typically occurs in the
semistarved individuals whose principal source of calories

is the lathyrus pea. Lpidemiological studies implicate
nutritimal deprivation, physicéi exhausticn and pre-existing
disease In susceptibllity to the toxic effects of lathyrus
4pezaa (Kessler, 1953; Meineertz, 1953; Dwivedi and Prasad,1964).
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Ramchand (1984, incubated rat intestinal contents

with radiolabelled ODAP for 24 hr end detected radiocactive
netabolites of CDAP degradation suggesting that intestinal
microflora mey metebolise the compound. ODAP hydrolysing
bacteria were alsc detected in other gpecies Including man and
thias nay be the rea.s‘&z why rats are abls to tolervate CLALP when
fed orally. Studies carried oﬁt by this investigator proposed
‘that multiplication of CDAP hydrolysing bacteria in the elabo-
ration of the enzymes involved in breakdown of UDAP jn vivo
will de pend upon the enviranmentel factors in the intestine

in different species such as the composition end content of

microflora, products of digestion of dietary constituents etc,

Letoxification of neurctoxin :

As mentioned earlier the lathyrug specles are gener=
ally cultivated for preparation of food, fodder, green manure
and ornament. In India, L. sativus occupies 4% of the total

area under pulse crops and constitutes 3% of the total pulse
production. Recent studies carried out by Gopalan and flwivedi
(1983) showed that in Madhys Fradesh (India) still 10-20K of
the total grein production is cccupied by L. sativus.

The pulse is used principally to prepare unleavened bread and
is sometimes eaten as paste balls or as a cooked preparatiom,
Bacause of its cheapness and ease of cultivation, it is used
‘as an adultmnt‘ of other pulses (Sastri, 1962), Because of
the intermittant cutbreak of neurolathyrism, Government of

India imposed a ban on its cultivation and consumpbtion



(Genapethy and Dwivedi, 1961). However, an effective ban an &

. N \i'?\ﬂ;‘”"‘ e UY ',4"‘"
the cultivation of L, %f;vus is not poasible in view oﬁ@gew ML
lack of suiteble alternative crop acceptable. to the poor
farmers (FadmsnabMan, 1980). The cultivation and total
production of lathyrus sativug in India is not still declined

(GOIJBI&IL. 1982)0

Thus it is of interest whether L. sativus itself can
be .procea'sSEd suitably s0 as to free it from toxin and render
it fit for human consumpti¢n because of its other autrients.
Data given in Teble-13 show that the proximate composition of
L, sativus dhal compares well with the other legumes regarding
protein, minerals and vitamins. (n germinatian, the availsble
‘minerals and vitamins also incresses (‘g%xstri. 1962). Anino
acid axxafgyéis of L. sativus indicated that its protein was
much higher than any other traditional pulse protein (Sarma
and Padmer abkan, 1963), viz. 21 to 33% or next to soybean.
It can be seen from the Table-14 that the pulse is rich in
lysine and ccotains fairly good ccnceniraticqs c»i‘ other
essential amino acids except methionine and tryptophan,

A protein concentrate was pre bared by Padmenabian (1980}
cmtaining 700 protein {(free of neuroteoxin) which can be
used &8s & lysine supplement, It has been reported (Shastri,
1962) that at a 10% level of protein intake, L, gativus
protein has high digestipility (90%) but ﬁ low blelogical
value. Autocléving, of the szed and supplementation with

methimine are reported to greatly enhance the nutritive
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TABIE-14 : Amino acid composition of L, gativus seed
meal and protein concentrate,

T ' | § T entent -
Anino acid R (4 of sample) ; o=
| Seed pea1(®? ) Protedn  (y
concentrate ...
lysine 1.85 5.99
Histidine ' 110 2.18
Arginine 141 5.69
Aspartic acid 1.80 741
Thremine 0.85 2.7
Serine ' 1,20 4,02
Glutemic acid 2425 B.79
Proline 1,46 - h22
Glycine 0.72 2430
Alanine . 0.80 2.52
Hlg-Cyatine Trace ' Irace
Valine 0.81 2.76
lethimine | 0e35 0.99
Isoleucing 1.01 332
" leucine 145 530
Iyrosine : 062 2.54
Phenylalenine 1.03 . J.29

(e) = The protein content of the seed meal based m
nitirogen estimation was 24,5%,

{(b) = The protein content of the protein concentrate
baged on nitrogen estization wase 70)6.

Ref.: Spackman gt 21.(1958); Padmanaban (1980).
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value of the protein. The crippling canditiom of ‘neuro-
lathyrisn' was believed to be totally irreversible until
Ahmad and Jahan (1980) reported that in certain instances
the damage could be repaired by the dally administration
of 500 to 1000 mg df ascorbic acid for a week or so, 1t is
recognized, however, to be unlikely 'that the population that
eats L. setivus as a steple v}oum eat enough foods rich in

ascorbic acid to prevent the conditican.

Alamg with neurotoxine, Le gativus also cataing
cther antinutritional factors as mentiomed in Table-15,
Roy H97?3?b purified the trypein inhibitor and iLs biological
effects such as hypertrophy of pancreas and growth retarde-
tion were denonstrated in animals. Roy and Rao (1971) have
shown that heat treatment of L, sativus while making ‘Chapatis!
destmyé.s mly 48% of the trypsin inhibitor.

Attempts have been made to process the L. sativus
seeds so0 as to free them of the toxin by'varims workers as
shown in Teble-16. Swaminathen (1969) inferied that mutat-
' ions might be carried cut in the gene that regulates the
sgynthesls of the toxin in seeds. C(onsiderable variation in
UDAP content was observed in the ‘MZ generation in five

varieties of L, sativus treated with mutagens., 4 differéxxt

approach wag followed by Somayajulu g}_ als (1975) for the
removal of CDAP from =eeds viz. development of pure lines
firom low CDAP amtainiiig plants. They were able to identify
oanly four lines of L, setivus containing a low CDAP content
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of which P-24 was recomended as being relatively safe for
human consumption. Dehiya (1976) suggested certain morpholo-
gical characteristics as eriteria for the selectin of varie-
ties of L. sativug low in CDAP contents. However, no corre.-
lation was found to exist between morphology and ODAP content
by Nagarajen end Gopalan (1968). MNisra end Barat (1581) have
used picromutrient salts of cobalt and molybdenum in very low
congentrations as foliar spray at the maximum flowering stage
or at the emergence of 1-2 pods per plant end observed z\ed&m
ction in the toxin level in those plants.

From the foregoing discussicn it is evident that the
reduction of ODAP content in Le sativus seeds by various
techniques, such as steeping, parboiling, rcasting, breeding
and use bi‘ mutagens either causes logs 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 sccio-eccnomic
group is of ped ¥ nutritive value end there is always a risk
of provisio of antinut@timal factors and toxins in substalie
tial emount. In spite of all thease, the clinical and bicchemical
stetus of the poor is not agz poor as (me would expect from the
mytrients available to them (Uomen, 1961; Bailey, 1963; Adems
and Shrdpe, 1974; Gupta gb al, 1977; Jacob gy al, 1976;
Nubr. Reve, 1980. knergy reguirement ; how much is encughﬁ E
There are conflicting reports also regarding the adverse



-
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effects of antinutritional factors and toxins present in
legumes. Though phytate present in plant food 1s supposed.
to -: interfere with intestinal mbsorption of Ca®t, Mgot,

' E»e-‘fand et
laboratory or humen stz.iclies carrvied ocut by others (ualker

et al, 1948; ieitch, 1964; Bhaskarsen and Reddy, 1979) did not
confirm this, Eventhcu.gh raffinoge family of cligosaccharides

s g

n o 2lther rat experiment carried ocut in fnm

present in the diet causes flatulence and leads t0 abdominal
discomforty, work on Asian and Middle Lastern people (who
coi_gume god_d amount of chickpeas and soybeans) dees not
show analogous éffects of these aligosacc‘haride%s v [Cristo-
faro gt al, 1974). Geervani and Theophilus (1979) have shouwn
that preschool children from low income populatia  of Madras
city did not experience‘ any discomfort when fed differeat
legunme dlets, Feeding experiments on preschool children
ghowed no difficulty in the digestion of legume preporatlions
(Ramelrishnen, " 7 1979). '

These_adaptaticnwto diets containing food toxins can
be explained in two ways : e is based diffErent'food
procesgsing methods and second is based on the knowledge of
‘degradation or modification of these toxins undergoing in
gastrointesgtinal tract, Gastrointestinal microflora play an
important role in the host nutrition (Comen, 1970, 19723
Combe et al, 1976; Deguchi et el, 1978), The microflera
pregent in the gut can degrade endogencus proteins oﬁ the

intestinal enzymes, shed cells, saliva, mucosa and complex
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plant polysaccharides likb cellulése and pectin {(Salyers |

et al, 1977; Cﬁmmings gg,g;; 1979). Many studies have
reported the ability of intestinal microflora to synthesize
vitamins such as thiamin, riboflsvin, niacin, folic acid,
biotin, Bg, K and B,, (Broberg ef al, 1953; Daft et al,1963;
Klipstoon and lipton, 1970;ILT.*T?:‘5 ;%;kérégar and Hill,
1974; Ramakrishnan et a1, 19833, sarlier studies carried out
in this laboratory alsoe have ghown the role of microflora
from rat amall intestine in the degradation of phytate,
trypsin inhibitor, hemagglutinin and flaetulence producing
oligosaccharides, But 1t is not known whether these bacteris
cén grow in presence of other normal flora in the small
intestine., Thus from all these studies it can be suggested
that intesgtinal microflora also might help in improving the
utilization of foods by effecting the breakdown of deleterie
‘ous factors and apgmentingithe supply of vitemins. Neverthless,
d¢iet has been comsidered to pléy a major role in determining
the nature of gastrointestinal flora (Neth ¢t al, 1948;
Aries gt al, 1969; Hill gt al, 1971; Drasor and Hill,1972),

Although there are numerous examples 0f so~called
toxic commsiituents in legumes, they have nevertlEless provided
nan oﬁgr the centuries with a valuable sSurce 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
. ﬁay be improperly processed could bring to the surface toxic
effects which would otherwise not be apparent (Liener, 1975).

‘
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in many deve loping countries pr:otain rich plant foods
should be produced 1ocally*’and they should be acceptable,
because protein calorie mélnutrition is a more serious health
problem  than that of contageous disease (Van Veen ef 2l,1967;
Streinkraus, 1985). Protein-calorie malmutritiom is common
in the developid p world, and it leads not only to stunting
of physical groi:fth but to retardation of brain growth and
mental development (Hegsted, 1978). The major deficiency in
the diet are food energy and protein with associated defici-
?én%‘ﬁzalcimn, vitamin A; riboflavin and other nuitrients
(Rajalakshml and Ramakrishnan, 1977) . Such deficits can be "
met by increasing the proportion of protein rich foods and
the total amcunt of food consumed. To improve the nutritive
value of prétein rich legumes, the different methods of food
proc;a'ésing are employed before they are consumed. The differ-~
-an't_ procelééin‘g mnethods used for cereals and legumes in India
are roasting, parching, boiling, germination and fermentatipn.
The effect of different processing methods on bioclogical value
end chemlcal composition of foods are summarized in Tablﬁ‘—;t'?.
Theseprocessing methods increases the nutritive value of foods
as well é.s food intake due to increase Iin balati&ility
(Rajalekshmi and Remekrishnan, 1977). |

Among all the methods of food processing, fermentatim
is one of the most important method used from .ancien*i: times
in different parts of the world, specially in India., PFerment-
ation and germination ‘aré found to bring about almost identical

changes in the chemical cqnpésition of the food but the texture
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- as woll es flavour are found to be improved to great extent
during fermentation and food intake almost doubled when fed

~ to preschocl children (Rajalskshmi, 1976).

Fermented foods derived from cereals and leguwes are
essential components of diets in all partg of the world
egpecially South Zasgt Asia, the Near East and perts of africa
(Tanle«~18). ‘megr,: are also important in the eﬁie*t:s of the
woeptern vierld, bé’c;ause of their high autritive vadue and
thelr interesting organblepti.c characteristics which add
variety to the diets (Steinkreus and Van Veen, 1971).

The j.n;cligenmxs :germentad focds congtitute a group of foods
that are produced in nomes, villages and apall cottage indu-
stries at griées within the meens of & majority of the consumers
in tﬁe aeve ir.sping world (3Steinkvaus, 1285). Some indigueaous
food fermentations such az "say Sauce? (shoyut), Japansse
4"‘:ﬁ.‘«tsc“, Indonegian “te::zég}ﬁ, Indonegian "tape ketan®, Japenese
”sé-.ke"" s Indian ¥idliiv, aﬁé fish and shrimp zeuces and postes
have. been extengively stuc’iied to deternmine optimunm conditions
. for fermentaticn, the esgential micro»org;anisma, the bio-
chemical, mtritive, and flavour/texture changes that occur
during the fzsrmentation, and possible btoxlcologicald problems

thet can arise (Steinkreuns, 1983a).

Indigenous food formentations have been classified
as follows acecrding to Steinkraus (1983b) =
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« fermentations involving proteclysis of vegetabls protelns
by micrebial enzymes in the presence of salt and/or acid
with production of amino acid and peptide mixturcs with a
weat like flavour (6.g. 'Soy sauce', Indonesian ‘kecap!,
Migo' and “tapcom)s |

- fermentationg involving enzymic hydrolysis of fish end
ghrimp or ofher mering snimals lu the preseace of relatively
high salt concentrations Lo produce meall-ilavoured sauces

and pastess

~ fermentationg producing, 2 meatellke *Bexfura ;11:; a qer&al-
gradin Jegpume substrate by meeng of fungal mycelium that
knits the particles together {e.g. Indonesian and Malaysian
"empeh kede laYy Indem‘aian Yoncom kacang®, “oncom i:ahoé“
and "“tempeh bengkrek! );

- femerztatians‘ involving 'kojli! principley in which micro=
organisms with desii'ed enzymes are grovn an a cerealegrain
or legume subsgtrate to product "kojl - & crude enzynme
concentrate” that can be used o hyéx;alyse particuler
compouents in the desired fermeniation (e.g, 'soy-saucef,

- 'migo?, 'kecap?, Ttempel, '‘oncom', *‘bﬁ-}}e"éteo');

- fermentation in which orgenic ecids are major products
(@.. Korean “kir'asm", "Sauerkreut*, fermented milk and
‘cheege!, Africen 'ogi' and Indian 'idli‘y



- ferpentations in which ethancol 1s a major product
(e.g. "rice vines", “palm toddies", "sugar cane wines,
#peersg™ end "tape ketan®,

Fermentation is found to improve texture ‘azad flsvour for
better acceptability of fowda (Hesseliine, 1965; Hesseltine and
Wang, 1967; Van Veen and Steinkraus, 1970; Rajalakshmi, 19‘?;33
hajalokshni and Ramekrishnen, 1977). Fermented foods like
indonesian 'tempefl, tencom® and *tempeh bongkrek? which have
meat like textures are good substitute for meat. Indemmesian
“tempe is found to be & good substitute for meat in the diets
of imerican vegetarians (Steinkreus gt al, 1960; Hesseltine,1961;
saono et al, 1377; Wang and Hesseltine, 1979; Shurtleff end
hoyegi, 1980).

Diochemical changes during fermentation !

uring fermentaticn, cemplex compeunds are converted
into their simpler digestible forms. Free sugar lncreases
during fermentation, indicating & partial breakdown of carbo=
hydrates., Similarly emine nitrogen increases indicating a
gimiliar breakdown of proteins. it ig lkely that durding
fermentation, intermediates of the breakdown of complex mACIe-
molecules such as simpler starchss, dextrins, meltese and
peptides also increnge. These changes serve to make the food
neore palateble end digestible (Kuniterc, 1961; Christien,1966;
Van Veen gt @;l,g 19689 ; Ramakrishnan et al, 1376)



69

One of the major blochemical changes invelved in Indian
fermented foods is the conversion of some of the ¢arbaohydrates
to lactic acid. Thus many of the Indian fermented foods have
ldw P and sour taste which is acceptable to even poor pregnant
women who suffer from loas of appetite, nausea and hyperemesis
(Remakrishnan, 1979). Fermented foods with acidic pH elso lend
themgelves to the incorporation of lime (a mixture of CaCCj;, Cal
and CaQCH)g,' and leéfy vegetables, which help o increase the
nutritive value of feod with regard to eslcium, iron, B-carotene,
vitamin-C and riboflavin and the losses which result in the
cooking of vegetables by conventional procedures are minimized
by such imorpwatien (Ramchandran, 1968; Aykroyd and Doughty,
196Y; Rejelakshmi et al, 1973; Rajalakehni end Ramakrishnan,
1977; Rajalakshmi, 1976). |

; "l‘he other chemical changes reported during fermentation
include an increase in viteming and some egsential amino acids.
‘Signiﬁeent imrease in thiemin, niacin, riboflavin and vitamineC
are reported during fermentation of ‘*tempeh’ (Steiraxﬁaus et #l,
1961; Murate gt al, 1567; Robinson and Kao, 1977; Hoelofsen
and Thalens, 1964), chick pea 'miso' (Keo and Robinson, 1978),
Ctoncom' (Van Veen gt al, 1968p, Beuchat, 1976; Cuinm gt al,1978),
*khaman' (Rajalakshmi and Vanaja, 1967), ‘davwadewa’ (Platt,1964),
*id1i' (Rajalakshmi and Vanaja, 1967), 'nattc’ (Sano, 1967) and
Tsoyidli® (Ramakriahnan. 1977). 1In contrast to this decreasze
in the content of thiamin and riboflavin were reported during
. *4d14? (Steinkraus et al, 1967) and "tempeh kecipir" (Cadjer,
1978). 1Increase in folic acid, choline ax;d methionine have
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been reported Jduring Luywentation of certain foeods (Hadhakri-
ghna Bzo, 1961; .0, ., sSteinkraus gf 8l, 1967; Murate et al,
1970), Ewen &n increase in the vitamin }312 (usually lacking

in vegeterian foods; has been reported in several fermented
foods viz., 'tempeh' (Roelofsen and Thalen, 1964; Steinkraus,
1976; Curtis gf g,;i;. 1977; Liem et el, 1977), 'misc' (Robinson
and %ao, 1977), 'matto¥ (Sano, 196%1), peanut press cake
(Beuchat, 1976; Liem g% al, 1977J), 'idli' (Ramekrishnen et al,
1983) end fermented ‘corn meal' (Chung and Fields, 1986).
During the fermentetion of cassava and rice (which are the
subgtrates rich in starch but too low in protein), the nutritive
value of the fermented product is increased due to increase in
lysine and thiamine content Kao, 1972; Crank et al, 1977).
Checii;:e.l changes reporied in Indian fermented foods are summa-

rized in Table=19,.

Deteoxification of toxins during fermentation of foods

As an added edvantaged, fermentation of foods seems to
breakdown toxins and entinutritional factors present in raw
materials used for prepareticn of fermented foods (Collard and
levi, 1959; Liener, 1962; Smith et al, 19643 Van Veen gt al,
1968b). Consumption of soybeans vhich contain trypain inhibitors
lead to the enlargement of pancreag in the rets(Kenjin and
Guggenhedm, 1967), whereas 'tempeh’ wiich is & fermented product
prepar'ed. from soybeans dees not produce pancreatic hypertrophy
{Smith ot al, 1964). This sugeests that certain toxic consti-

Moass v

tuents pregent in soybeen are broken down during fermentation.
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However, Weng et al. (1972) have reported an increased trypsin
inhibitor activity in the initlal stages of fermentation, due to
the release of bound trypsin inhibitor. Kemalakanan and Motlag
(1982) have detected the presence of & factor in the culture
filtrate of Rhizopus clizosporus (used for fermentation) which
inactivates the {rypsin inhibiwr. During the fermentation of
cassava in the preperation of Nigerian "gari®, cyanogenic
glycosides are broken down (Ccllérd and levi, 1959; PFratap,
1973). Van Veen gt al,(1968b) have reported 50~708 reduction
in aflatoxin-B, content during fermentetion of 'ontjem’
(fermentad pea~nut press ceke)., When cowpeas and chick peas
 were allowed to undergo natural fermentation, no toxic substance
was detected as deterained by the in vivo tests in chicken
embryo {Zamora and Fields, 1979B. '

ihe most abundant antinutrients viz, phytate and flatu-
lence producing are alse broken down during fermentation as
- degeribed in Table~20. Thus féfmexzi;afian augments the nutritive
value of legumes and cereals becausge of the favourable chemical
changes, | -

Rat experiments carried out by Ven Vaéx%;%?G? ) have shown
an increased food intake and body weight galn in rats fed
fermented foods., Akolker (197‘?) showed that rats, pair fed
fermented ‘soyidlit sﬁewéd higher-}?ER, better growth and increase
in liver and bone status compared to rats fed unfermented producis,
Ret studies carried out with Indian fermented foods like
‘khamen' and 'idli® also suggested their greater digestibility
with increaged liver comcentrations of protein, thismin and
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riboflavin as compared to unfermented foods (%jalakakmi and
Vanaja, 1967). Zamora and Veum { 1949 ) reported that ferment-
ation of cooked scybean with Rhizopus olisogporus greatly
improved the apparent digestibility and net proteins utiliza-
tion in rats when fed diets containing fermentsd scy products.
True digestibility, proteln efficiency ratie, net protein
utilizafc;on and biological value of fermented locust beaus
were algo found to be higher than that of raw seeds when réts
were used as test animals (Fetuge et al, 1973e, 1973b).

it was concluded by Ramﬁkrishmh (1979) thet fermented foods
prepared from lema can nlay g valuable role in the allevi-
ation of malmtrition and undernutrition in .ércupa who are most
vulnerable to it.

Apart from chenges in flavour, texture and nutritive
value, fermentation also brings about changes in the keeping
and cooking quality of foods, "Kishak", a fermented food
from the ﬁear, East can be :}re‘séx‘vez& without spoilage for about
an year (Van Veen gt g},. 1969). 4cid production during fermen-
tation prevents the growth of pathogenic organisms and prevents
food spoilsge (Van Veen and Steinkreus, 1970).

Thus in summary, fermentation of legumes lmproves
thelr digestibility for humans, enhances keeping quality of the
product, improves flavour and eppearance of the final fermented
product and reduces cooking time (Reddy gt al, 1984 J.
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Thmg;h'mmented foods were used from time lumemeorial
the agent of ite{rmentatim was not known till the discovery of
microscope by leuwenhoek in 1680. In 1837, Cagniardnlatéizr,
Schwann and Kuttzing, independently proposed that yeast |
appears during alcocholic ﬁrméntation and the conversion of
sugar to alcohol is a physiological function of yeast cells.
Later, louis Pesteur was able to show that sach particular
type of fermentation process is accompanled by the development
of & specific type of microeorganisms (¢f. Stanler et al,1986).

Van Veen (1957) defined fermented foods as "they are
fermented in so far that they (or at least one of their consti-
tuents) have heen aubjected t0 the actiom of micro«orgenisms
(bacteria, yeast or fungi) for @ peried, so that the final
pre&ue:t;s have often undergone very considerable changes in
chemical composition and other respects. Sometimeg thesge
changes are due not mly to ;nicmbial ection tut alsoe to
autolytic processes broughf about by the enzymes of thé
product itselen, | |

Microbial copmunities with their cambined physiology
and interactions and their ex';zymatic activities arc respasible
for the ma;}axé biochemical and nutritional chanpges that occur
in the subsirates of most fermented foods and beverages
(Steinkraus, 1982). The major micro~organisms which are
present during fermentatiam of verious foods are listed in
Table~18, from which 1t can be seen that the feramentation of
foods used in India is affected mainly by becteria or yeast or
both but not by fungl. | |
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Different micro=organisms grow on different foodstuffa
depending upen their ability to breakdown different campounds
such ag carbohydrates, proteins and 1liplds., Different products
are formed depending upon the substances broken down and some
of thegse products give flavour and texture to the :fermented
foods (Hesseltine, 1965; Hesseltine and waxig, 1967). From
Table~21, it can be seen that the chemical composition of
raw paterial wused and the types of the microorganisms used
will decide the type of fermented food formed, because of the
enzymes ¢laborated by the micro-orgenisms. For instance,

R, oryzae and R, W\femﬁm soybean to produce
‘tempeh'~a fermented food conmen in Indonesia. Re oligosporus
elaberates a great amount of lipesze and protease which will
breakdown fat and protein in scybean and some cereals and
.impért a particular texture and flavour. On the other hand,
R, oryzse cen produce ‘tempeh' fram soybean but not from wheat
and other cereals, because céx’eals contain a higher percentage
of starch and R, oryzse produces amylase which converts starch
t0 sugars which in furn are ésnve-rt&& to acld, which gives an
undesirable fermented product (Hesseltine, 1965). Increase in -
anylolytic, lipolytic and proteolytic actiéity of micro=organisms
are reported during fermentation of ‘hama natte' (Beuchat,1978),
‘sufu' ~ & fermented preducf in Chins (Fukushima, 1979),
'soy-sauce’ (Yong and Wood, 1977; Yamamoto ¢t al, 1972;
Yokutsuke, 1977; Fukushima, 1981), 'oncom' (Beuchat et a2l,1975;
Bauchat, 1975), Japanese 'miso' (Hesseltine and Shibasaki,1961)
etec., Hemicellulose type of material is partially solubilized
by mold enzymes resulting in a fine textured product which
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- increase digestibility during the fermentation of pea nut 80
press cake (Beuchat et al, 1975). '

A& significant increage Iin phytase aétivity is reported
during fermentation of variocus foods for the breakdown of
phytate into inorgenic¢ phosphorous (Reinhold, 19753 Akolkar,
1977; Harland an{i Harland, 1980; Lopez et al, 1983 )« Fhytase
hag widespread distribution ln plants and animel tissues
~ (reers, 1953; Courtois, 1945; Meyer, 1958; Kindl, 1969;

Meandal and Bisﬁaa,. 19703 Bitar and Reinhold, 1972; Mendal et al,
1972} end numerous types of micro-organisms (Nelson et &l,1968;
Tanner, 1969; Wang et al, 1980). Major micro-organisms which
produce phytase are Aspergillus ficcum (Han et al, 1987;

Hen and Wilfred, 1588), Aspergillus oryzae (Wang ¢t ail, 1980},
&m;rosgora 5Re, (Shieh and vare, 1968), Agpergillus niger
(Tadeusz, 1978), Aercbacter aerogenes (Greaves el al, 1967),
Bacillus subtilis (Powar end Jagannathan, 1967) etc. Hicro-
bial degradaticn of phytate has been studied in detail by
various workers (Greaves et al, 1907; Fowar and Jagannathen,
19673 Coggrova; 1970; Irwing and Cosgrove, 1972; 1974) which
showed that phytase catalyses.the  successive dﬁ;:ho:sphoryza-a
tin of phytate to0 finally yield tayo-ino:aitol and inorganic
phosplhiorous. |

Eerlier studies carried out in this laboratory showed
that hemeggliutinin is broken down by L. mesenteroides (H&)
{which is present during 'soyldli® fermentation) due to
production of enzymes viz. protease, ;S-N-acetyl glucosaming-
dage and mennosidage to liberate final products of hemagglue
~ tinin hydrolysis (Rao, 1978). .

Raffinoge femily of oligosaccharides, which causes
flatulence have been reported to decrease during fermentation
of "peenut press-cake' (Worthington and Beuchat, 1974),
'soymilk' (Mitel et al, 1974; Mital and Steinkraus, 1975),
"tempeh! (Calloway et 81,1971; Shallenberger g 81,1967) ~ )
“irut (Odunfa, 1982b) etc. due to the elaboraticn of z,,mranial
enzymes viz. oL -galactosidase end invertese.



Enzymes for_the_breakdown of raffinose,fgm;;x ek
oligosaccharides : |

!

‘ , During germination énd fermentation ofilegumeé,
.raffinese fanily of oligasacchar&des are degraded intc mono~
saccharides by a:—galactosiane and ﬁ‘-a-fructofuranosidase

as shown in Fig.h. oc -¥alactosidase Qﬁc ~D~aaiactcside
gelactohydrolase u.C. 302014 22) is w1de1y digtributed in
nature and it catalyze the | dlsruption of tnE<x:-J~&alaetosidic
bond of both simple and gomglex 0ligo=~ and polysacchacides

{ ey and Pridham, 1977). Micro»organisms isolated from differ-
ent sources are known to prédgce a1~galactosidase)(Table-22).
This enzyme has been‘reportéd4tm occﬁr in various plaﬁta

(Dey and Pridham, 196§; Barham,(%§/1, L@y and Dixon, 19743
Me Clervy and Matheson, 197&? Malhotra and b;ngh, 1976;

Samuel and Joseph, 19773 Wiiiiams et &1, %977) and animal
rlscues like liver, placenta, brain, aurenal gland, splean,
stomach, heart, uterus, lung, ovary, testis, pancreas,

gmall and large intestine of various mammals (Rao and
Bleringev, 1970; do, 1973,%ayer and Beautler, 1977; Jlsnop

‘and Sweeley, 1978; Bishop gﬁ_@&a 1978).

. ; L
QGalactosidase 58 5 useful tool not only in. the

determination of raffinose énd the structural studies of
carbohydraﬁes, but also in %he sugér-beet industry to reduce'-
the raffanSa content (mu?uli ;b al, 1969, Reyaolds, 1974
iiobayashi and Suzuki, 1975ﬂjwindezgt\ 3 1982). Tnis

- enzyme has a wide applicatlon in fooa_proceosing for r@moval
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of filatulence producing oligosaccharides e.g, soyuilll process-
ing (Sugimoto and Van Buren, 1970; sSmiley et al, 1976;

Thenanunkul et al, 1976; Cruz gt al, 1981)

oL -Galactosidase from Bacillus stearothermophilus

{ileynolds, 1974 and Lortirells vinacea (Linden, 1982) have hzen

ismobilized on nylon and within myceliel pellets, respecitively,
end the immobilized enzymes have been used for the hydrolysisg
of raffinose in beet sugar molasses, 1pmobilization of this

enzyme isclated from figs (ochram et gl, 1978), Turbo corrmlus

(shepard et al, 1983) and Pyenoporus cinngbarius (iitsutomi

et al, 1985) using Sepharose-43, 854 and colloidal chitin with

glutaraldehyde respectively have been reporﬁegﬁor industrial

applications.

The primary role of og-galactosidése in the storage
organs of planté is to mobilize the reserve U-galactosyl
containing olipo and polysaccharides (ley and Pricham, 1972;
Dey, 1978; Dey, 1980, which is a compertmentalized enzyume,
On germination, the enzyme is undoubtedly involved in the
hydrolysis of these oligesaccharides, which serve as a soluble
and readily metabolizable energy reserve. A4lpha-galactosidases
are also involved in the metabolism of plant pgelaciolipids
in spinach (Catt and Saker, 1970; ¢ Clery and Matheson, 1574;
Williems ekt g1, 1977) and sugarcane chloroplasts (Ley anc
Pridham, 1972}, Another possible role for the enzyme is

‘protecting plants from o -v-galactosidic phytotoxic



- 86
substances produced by 1nvadihg micro»org&niéms (Strobel,1974).
‘The o -galactosidase in brain tissues is involved in the
hydrolysis of digalactosyl diglycerides (Subba Rao end Pierw
inger, 1970). HMetabolism of gﬁycoaphi@glipid is disturbed in
patients with Fabry's disease ﬁhich is characterized by '
deficiency of <= -galactosidase end it 1eads to accumilation
of ceramide trihexoside (heycr and Beautler, 1977) ¢ oL =Galacto=

sidese may be used in tne‘future for medmcal purpose as enzyno-

!
therapy (Ulezlo and Zaprometova, 1982).

Froduction oxci.ugalact0$idase can be induced during
growth of microorganismns ualng raffinose, melibiose, thio=
galactoside, galactose, phenyl§~c~u~galaetoszde, O-nitrophenyl-
c;c-zz-galaqtosides and some p-D-galactosides {ioppel et al,
1953; Hoghess and Eattley,195f; ;estler and Bonner, 1957;
Sheimin gnd Crocker, 1961} Schﬁid‘énd Schmitt, 1976; Lazo gt ai,
" 1981), - 3 |

P
i
i

. Synthetic cx.-B-galﬁctosides‘like‘meﬁbyl, ethyl
(Hopgness gn& Battiey, 1957) ﬁwpru@yl, o;crésyl.(ﬁalhotra and
Dey, 1967@},-m.p.cénitrophenyi (Malhotra and Dey, 1964),
1-naphth¥i,2~naphﬁh&l~ and 6€bromé—2-naphthy1~<x;—D~ga1acto«
sides iTs0u and Su, 1964),‘gaiactin01 (Suzﬁki et al, 1970)
and digalao@osyl glycerolt(ﬁuﬁba Fgo and Pieringer, 1970) are
known to be hydrolyzed by thejgydrolytic action of of ~galattom
sidases, Naturally occuring 6ligosaccharides viz. melibioée,
melibitol, melibionic acid, raffinose, umbeliferose, plantose,

manninotrlose, utaChyOSu, verbascoae, lychnose and polys&ccnarldes
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1ike galactomannans are also attacked bj étwgglactmsidaaes
from various sources (Cf. Dey and Pridham, 1972). Alpha=
‘galactosidases from coffee beans and soybeans (Zarnit and
Kabat, 1960; Harpaz et al, 1977), B, gersus (Iseki and

1keda, 1956) and Streptomyces sp, (Oishi end Aida, 1976) cen
also remove nonreducing terminal <¢-D-galactosyl residues from
blood group substances, Thus type 'B! erythrocytes, which
contain 3=0«-C ~Degalactopyranoside, can be tranaformad into
type '0' erythrocytes by exposure tooC -grlactosidase (Ulezlo
and Zaprometova, 1982), |

Alpha-galactosidases alaé show trans- =( -galactosyla-
: tién activity in addition to hydrolytic activity and‘the‘pihducts
are complex carbohydrates in plants {(Malhotra and Dey, 1967;'

Dey, 1969; 1979; Dey and Pridham, 1972), fungl (Itanu et g1,1982;
Ohtakara gﬁ,g}, 1984) and‘,kbacﬁeria“;sﬁl(Kawamura et al,1976;).

i L 4

An active site directed irreversible inhibitor of
= =galactosidase, conduritol-C~trans-epoxide (1,2-anhydroneo-
inositol) was synthesized (Legler and Herrchen , 1981) to
" understand the mechenism of action of ot -galactosidase. -This
compound. binds initially to the enzyme active site because of
its structural similarity to the subsirate; the epoxide
function is then activated by an acidic iunétional group 'of the
site, forming a covalent bond. The mechaniaem of enzyme action
involves two steps : the glycosyl-enzyme intermediate formation
and its subsequent breakdown (Dey and Pridhem, 1972; Dey, 1969;
Carchon and De Bruyne, 1975).
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A complete amino acld aequence analysis of only a few

- -galactosidases viz. V. sativa, G, may (Pridhem and Dey, 1974;
Harpez et al, 1977; Dey et al, 1983), A. plger (.Aélya and Elbein,
1977) end Saccharomyces carlsbergensis (lLazo et al, 1978) and
E, coli (liljestrom and Liljesirom, 1987) are avallable.
A compax'ison of amino acid sequence of o ~galactosidase proteins
‘rfmm c,g_;_,;, with ~c ~galactosidase from yeaat and human origin
ahawed that these proteins have limited homclogf, the yeast and
hhman prots..ins being more related. However, regions common to
~a_11 three proteins (L, ¢oli, yeast emd human) were found indicat-
ing seqﬁences that might _comprise v_t:he active site of L wgalacto- \
' 'sitias#e (Liljes*l;rcm and Liljestrom, 1987). The enzyme from
__g_c_;.g‘faﬁa (Petek gt 21, 1969) and G, max (Harpaz gk al, 1977)
wers reported to have L-alanine at their N-terminal end,

. aeveml legs.zme L =galactosidases and yeast o€ -—e,alac‘tosma»ea are

g‘lyaopzfateins with affinity for Con-A (Hankins and Shennon,1978;
Lazo et al, 1977;1978; Dey et al, 1982; Dey et al, 1983) unlike
bacterial o< ~-galactosidases, which are not glycoproteins,
Agpartic é.cid, ‘threonine and serine are the amino acids which
act as bridges betweén the proteln and carbohydrate were maximum
A(35 %) in the puz'ifled yeast ~c-galactosidase (Lazo et al, 1978).

Al’phawgélactosidaaes from various sources viz, mung -
bean (Hankins and Shannon, 1978), soybean (del Campillo and
Shannon, 1982) and Vicia faba (Dey et al, 1982; Dey et al, 1983)
display a unique activity namely agglu‘biﬁation of red blood
c.:.ells. Vicia faba —c-galactosidases are unique enzymes



1

(form I, 111, 12{2) possessing independent lectin (glucﬁ;ae/
mannose specific) and catalytic sites in the same pra‘tzem‘
molecule (Dey et al, 1982) but at different sites, The physio-
logical significance of lectin nature of oC-galectosidase is
that the enzymes bind via their lectin sites to a varlety of
cell 'co‘mponents of carbohydra‘ge and glycoproteln nature of cell
membrane and cedll wall, for cogpartmentaﬁon or raguiatien by

oberts,
stearic interaction (Basha _ar}»d:;[_. 1981; lorenc-Kubis gt al, 1981).

The comparison of amino acid sequences of the classi-
cal 1ect:ins with the enzymic lectinsg of o =galactosidase showed
good correlations and homologies (Bauman gt al, 1961; 1982
Shannon et al, *4981) suggesting that classical legume lectins

are precursors of these enzymes and they are genetically rvelated.

Multiple forms of oC=-galactosidase from & number of .
plant sources are known, these have been separated on the basis
of well defined protein characterigtics as shown in ii.‘able-23v.‘
Among the molecular forws differentiated by their molecular
weights, a moncmeric/tetrameric relatibﬁahip generally exists,
whoge association and dissoclation is generally pi dependent |
{Harpaz et al, 1977; del Campillc and Shémlon, 1982). The moleculay
forms of Vigia faba ere very well atﬁdied, which has 3 forms,

1 (209,000), 11' (43,000) and II? (41,000) separated by gel
filtration and CM-cellulose chromatography (Dey and Fridham, 1968;
Dey et g1, 1982). Immunological evidences suggested that all the

three enzyme forms are closely related because they all cross
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vegeted with each other and form I is a tetramer of units of
enzyme IIZ. The major possible role of different forms of
< -galactosidase is in the regulation and utilization of
stordge carbohydrates (Dey and del Campillo, 1984)'e.g,
extracts of green and immature Vicia faba seeds showed a low
level of fhe monomeric form of =L ~galactosidase, but during

maturation, tetrameric form &z was observed (Pridham and Dey,

1974).

Invertase/D-fructofuranoside fructohydrolase (?»D—fru~
ctofuranocsidase) (E.C. 3,2.1.26) has been shown to occur’in
microbial, plant and animal sourcés which acts typically on
sucrose andtrelated glycosides producing hydrolysis or, in
varying degree, fructosyl transfer. 1t is one of the oldest
known'enzymes, first isolated from yeast by Berthelot in 1860,
Amongst micro-organisms, E-Jhiwuctofuranosidase activity of
~yeasts, particularly of Saccharnomyces sp. has been extensively

and Mandel,
studied by various workers (Berthelot, 1860; Neuberg 19503

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 raddish 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

p=—4

invertase is a very common feature of this enzyme in plants
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(Dey and Campillo, 1984), which has a role in the regulation
of sucrose metabolism of plants, It was suggested that acid
invertage directs sucrose t0 hexoses in tissues vwhere demand
of the monosaccharides is high, whereas alkaline invertase

hydrolyzes sucrose in tissues that lack acid invertase e.g.

in cells that store sucrose (lLyne 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 gystem to study glycoprotein
synthesis and secretion (Cascon and Otﬁgngh&, 1967). The sub-
unit structure and active site of this enzyme has been investi-
gated (Neuman and Lampen, 19€§§¥2§§gn,'1977;,Trimble and
Maley, 1977). The heavy enzymej is a glycoprotein with 50%
mannose and 3% glucosemine (lglesias et al, 1980) whereas the
light enzyme has no carbohydrate. Intermediate forms, repre-
sending varyiag stages of enzyme-protein glyccsylation were
also present, thus the light enzyme is possibly the precursor
of the other forms of invertases in yeast. Many plant invert-
ases 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, 1?79). In plants, iavertase activily participates
in the brealidown of sucrose, especlelly in those parts of |
plant, where the conversion of sucrose to starch is not an

“important feature e.g., storage organs (Dey end Campillo, 1984).
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‘Among microsorganiams, the regulation of invertase
- synthesis in yeast and.neurosporé is well documented & o
(Lampert, 19¢f); Iglesies et al, 1980) which is under catabolite
repression. Derepression by exhaugtion of glucose ffam the
medium, resulted in 907% 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 reguloted in plahts by variocus factor$,<such as stagé of
tissue growth (Jones and Kaufman, 1975), plant hormenes, sucrose,
glucose, fructose (Keufmen 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 reguletion of this enzywe in several plant tissues
(Jaynes and Nelson, 1971; Malik end Sood, 1976). Hultiple forms
of invertase, I and II, from Fusarium oxysporum are distinguishe
ablé in immunclogicel relationship, amino acid composition,
molecular weight, isoelectric point, pH optime and heat stability
(Nishizewa and Maruyama,;19?9) and the synthesis of the two
forms is regulated via gene expression during cellular differene

tigtion,

Microw~orgenisms which produce oc~gelactosgidase
are isolated from various sources as described in Table-23. .
Among bacteria, genetics of raffinose and melibliose utilization
is studled in detail in E, Coli., The transmissible nature of

extrachromosomal genetic element which mediates hydrogen aulﬁhide

wwd .
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production (Hys) in E, Coli was recognized by Lautrop et al.
(1971). Since then Orskov and Orskov (1973) have reported
that some H,S-positive strains are aiac eble to transfer the
determinant responsible fdr'raffinose~férmenting ability (Raf)
and have shown that both markers are tronsmltted as a sihgla
linkage group. Thus, raffinose utilizetion has been added

to the 1list of thoae‘bacterial degradative'characters that
are governed by plasmids (Magalhaés and Veras, 1977).

It was found that raffinose plasmids enable strains of

" Eg Coli to use the trisaccharide raffinose as sole fC’ source
by %he action of three inducible plasmid coded functions
namely.(a) transﬁort syaten, ra:fihose permease, (b)ol-galacto-
sidase and (c) an‘ihvertase. ~Their structural gene form an
operon negatively controlled by a repressor gene (Schmidl. and
Schmitt, 1§76; Schmitt et al, 1979). The systenm consisting of
a regulatory gene and the structural genes for the encymes
raffinose éermease, o »galactosidese and invertase has been
designateéf%he HpgfH §ystem (Fig,5). In the cells of £, Goli
K12, the inducible functions of "mel! operon namely melibiose
permease and oC ~-galactosidase determine the utilization of
éc-D-galactosides such as meliblose, melibiitol and galactinol
(Schmitt, 1968)., The trisaccharide raffinose camct be
catabolized in thiz strain, since the permease 15 not induced .
by raffinose (Schmid and Schmitt, 1976). After the charact-
erization of the proteins coded by "mel" operon and "raf"
operon in E. Goli Schmid and Schmitt (1976) made a very

interesting cuservation in £, coli, Studies carried ocut by
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FIG. S : Gene Enzyme relationship in Raffinose metabolism by

E. coli K12 harbouring the Raf plasmid D1021.
C Ref€: Schmid and Schmitt, 193¢ ]
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them proved that the plasmid codedcx.»galac%osidasa»éifﬁers
from the homologous g,,gg;gbehzym@ ;n substrate affinities,
cofactor requirements, stability and toluene resistance,

It cen, therefore, bLe used as a marker enzyme sultable for

the detection in yive of "RafY-plasmids,

Plesmlds coding for~Utilization of raffinose have been

found in enterobacteria lsolated from men (Buissierf et 21,1977;
Magalhﬂ&é and Veras, 1977) and domestic animels (Smith and
Farsell, 1975) under enteropathogenic conditions, GCenetic
determinants of the K-88 antigen (which facilitetes colonie
zation in the enterior small intestine) have been found on
plasmids togetﬁﬁr with *raf! genes (Smith and Parsell, 1975;
Shipley et al, 1978; licoi et al, 1979). Immuncochemical rela=-
tionships were established among 'raf' plasmids of 39 independ=-
ent isolates of man and domestic animals by using antiserum
againat»ba»galactosiaasa by Schmid et al. (1979). Imounodiffu.
‘sion studies revesled three serological subclasses of

¢ -galactosidase, which are correlated with the biologieal'
and geographical origin of the host strains, It was concluded
frcm'tnis experiment that traf' determinants of all 'raf'

plasmids tested have evolved from & common ancestor.

o

in &, €oli cells, meliblose is transported by active
transport system. Because of the similarity of substrate
specificity to the lactose transport system (IMG permease-l),

the melibiose trensport system has been termed TG permease~Il
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(Prestidge end Pardee, 1965), Meliblose, utilization in
£, Coli is dependent on the meliblose locus 'mel' which 1s
loczated at 93 min on the genetic map (Bachmann, 1983). |
The f‘v»"n;el' locus induced by several « -gelactosides (Prestidge
ond Papd2e1965; Schmitt, 1968) and its expression ls controlled
by the cAMP-CRP regulatory circuit (Ckada gt al, 1981).

- Melibiose 1s also an inducer cf' 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 gensgitive,
influx of melibiose at 38-40°C is dependent on LaceY '
(Beckwith, 1963; Presfidgem.,x%me.e 1965), The 'mel' operon in
E, Coli consists of atleast two structural genes, 'mel-A' and
'mel-B?, coding for K ~galactosidase and melibiose carrier
respectively (Hanatani et al, 1984). ‘I‘hg ‘mel-A' and ‘mel-Bt
gene ' products were ldentified using maxic!ells harbouring
plasnids carrying the melibiose operon by Hanatani gt al.(1984),
The apparent molecular welght of ‘melda'. coded C-galactoasidase
wag about 50,000 and that of the melibiése- carrier coded by
‘mel-B' was about 30,000 as estimated by SDS-gel electro-
phemsis.' The structure and regulatory nmechanism of melibiose
operon seem to be gimilar to that of the lactose operon which
contains structural genes 'iac-z*’ and 'lac-Y' (Becki-;ith, 1970).
Moreover, the inducibllily of the operon indicateg that there
might exist a repressor gene similar to 'lac-l' (Hanatani et ai,
1984),



100

Thus as described earlier there are reports of
variety of micro-organisms which elaborate enzymes for the
breakdown of certain toxic compounds of plants. Lven though
there is a diverse number of micro-orgenisms that cen be used
tc rapidly degra&e a variety of sntinutritional facitors and
toxins, inherent problems exist when they are used simultanes«
ously to ferment legume based foods., This is because of the
problema of interaction emong different micro-~organisms leading
to the survival of only a few dominant sirains. 4n ideal
solution for the rapid microbial degradation of antinutritional
compounds and toxins would bé to construct novel strains,
which would have the genetic potentialities to degrade a wide
variety of toxins simultaneously. The use of one such atrain
would eliminate the interaction among different micro-organisms
and yet would lead to an efficient degradation of varlious anti-
-nutritional factors and toxins, 1This can be achieved by
transferring various degradative genes, whichever is responsible
for the degradation into one strain, This will involve Dilh
cloning strategies which essentially consists of the following
four parts : (i) a method for generating DA fﬁagments;

(ii) a method for joining the foreign DNA fragments to vector
DNA; (1ii) a means of introducing a composite DA (artificial
recombinant D{A) molecule into a‘host cell in which it can
replicate; and (iv) a method of selecting or screening for
a clone of recelpient cells that has acquired the recombinant,

(Cohen, 1975; Primrose, 1977; Sinsheimer, 1977).
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Thus there is a patential'to’pfepare a2 novel strain,
which is capable of growing during rerménfatian and breakdown
toxins, The genes coding for the enzymes responsible for the
breakdown of antinutritional factors and toxins could be -
present either on the main bacterial chromosomes or an
plasmids. Therefore, it would be interesting to study the
~genetic basis of degradation of food toxins in bacteria,

The genome of eny prokaryotic species conaists essenw
tially of a single major linkage group, the chromosome, containe
ing all or nearly all the cell's geﬁes. Meny bacteria, are
known to have additicnal facultative linkage groups, separate
from their chromoscome, of a much smaller size, which‘are
cbllectivel& referred to as axtrachromaéomal elements or
plasmids (Novick, 1963).

Plasmids are A molecules which are :

a) replicong : DNA molecules which contain an Drigin‘af
replication and only such N is capeble of transforming
other cellé;

b)’ stably inherited in an extrachroﬁésemal state;

¢) genetically homogenous : Thus the he?erageneaus circular
DA molecules which are found in B, megeterium (Carlton
and Helinski, 1969) are not necessarily plasmids;

d) of a congtent monomeric siée; .

e) cepable of replicating independently of the chromosome

~

f) dispensable to the host under certain conditions,
acconding fo Old and Poimzose (19%6)
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Plasmids are widely distributed throughout the prokare

o

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

greater than 200 X 10° daitons. Most of the plasmids found in
bacteria are circular double stranded molecules, However,

there are reports ol existencéf}inear plasmid DNA iﬁ yeast-
(Cunge, 1982) and sprirochetes (Barbor and Garon, 1987).
Plasmids can be clasaified as follows according to Novick gt al,

(1976)

1) Plasmids can be categorized into cne of the major types 3

(a) Conjugative or (b) non~conjugative -~ depending on
whether or not they carry a set of genes called 'tra' genes
that promote bacterial cmjugation, Generally conjugative
plasmids are of relatively high molecular welght and are
present as 1-3 coples per chromosome whereas non-conjugative
- plasmids are of low moleculer weight and present as multiple

copliezs per cell (Table~25).

2) Plasmids can also be classified on the basis of their being
" maintained as multiple coples per cell (relaxed plasmids)

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

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 wvhich groups of plasmids which
are matually incomé&tible are cénsi&area to belong to the

sane incompatibility class.



TADIE-25 3 Preperties of some camjugetive and nonconjugative plasmids.

- o i H
Flacis G SN kihu| e
% —
Col Ei 4,2 No 10 - 15 Colicin El production
RSF 1030 5.6 No 20 - 40  Ampicillin resistence
Clo DF 13 6 Ho 10 Cleacin productim
REK 25 Yes 13 - 38 | Ampiéillia and Streptomycin
resistance
B 62 : Yea ' 1«2 w—
SR -1 62.5 Yes 3 -6 Maltiple drug resistance

Ent P 307 65 . Yes 1 =3 Enterotoxin producticm

Tot' R 0ld and Primrose (1986)
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%) Plasmids also can be classified on the basis of the pheno=
typic traits which they confer onto the host cell, Sdm@ of
the phenotypes are listed in Table«26. lost of the pleamids
nave been classified on the basis of their phenotypic ‘
properties which initially led to their detection (Brodg
19739). Thus,there are the R-factors (for drug resistance),
col-factors (for colicinogeny) of the gram negative
bacteria, penicillinase plasmids of S, ayreus and degradae

tive plasmids of Pseudomonas sp, as described in Table~27,
Plasmids coding for resistance to antibiotics, degrade or
ncdify the active structures by forming less active or
inactive derivatives, Many plasmids 6f bothh gram positive
and gram nezgative bacteria have genes determining resist-
ance to a wide variety of toxic inorganic caljlons and
anions, including ions of mercury, cadmium, arsenic,
chromium, silver and tellurium £Summera and Silver, 1976).
Evidence that plasmid DNA is in§olved in carbohydrate
fermentation (Bfstuthiocu and ¥cKkay, 1976; le Blanc et &l,1980)
and other phenotypic characters ( Kempler and MNeKay,1979;
Newve et al, 1984) . expressed by various lactic

streptococel is well documented,

The physicochemical properties of chromosomal and
plasmid DNA differ widely, a i‘act. which facilitates the dete-
ction and isolation of the latter. The resistance to denat-
uration, sedimentation velocity in neutral znd alkaline

solutions and the buoyant density in slkeline condition are
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- IABLE-26 ¢ Phenotype traits exhiblted by
' plasmid-carried genes.

éntiblotic resistance, Heavy metal resistance,
Antibliotic praﬁgctim, Bactericcin preducticn,
Degradatiam of ercmatic Induction of plant
compounds, - umore
Haemolysin production, ~ Hydrogen sulphide
: ‘ productio

Sugar fermentatlon, ‘Host controlled

‘ restriction and

modificatim,

Enterotoxin production,

“f, Old and Primrose (1986)
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2ll enhanced in covalently closed circular plasmid DNA (Old and
Primrose, 1986), Belng a super coiled DNa, it also adopts a
more compact configuration than its released equivalent and
therefore moves faster when sedimented In an ultraceniriiuge

or subjected to electrophoresis (Radloff et al, 1967).

Importence of plasmids :

In molecular bilology, plasmids serve as excellent model
system for the study of structure and function of genetic
material at molecular level - - .. ... Two great virtiies

for this purpose are:

'1) their relatively small size, generally in the range between
1.5 to 100 megadaltons (which is sufficient to code for
1-2 average sized proteins) which means that they are much
easler to manipulate in vitrc than are intact bacterial

chromosomes,

2) secondly, their host cells can usually survive without them
.80 that the propeéerties conferred by them (c.g. drug resist-

ance) can be easily determined (3roda, 1979).

Thus plasmids are tools for'molecular biology, especially
for recombinant LA technology. Genetic gnalysis of bacteria
involveslexchange of genes between strains, and plasmids,
in particular 'F', are important agents of transfer. Certain
plasmids that can transfer between different genera are beling

used extedsively to introeduce DNA into novel hosts,en example
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is the introdugtion of nitrogen fixation genes from Klebsiella

to B, ¢oli (Cannon et al, 1976) and to Azotobacter (Camneon and

Postgaie, 1976} using hybrid plasmids based on 'F!' and 'RP4!

respectively.

) Plasmld DNA is extensively used recently in recémbinant
DNA ﬁechnology, because it can be Joined with fragments of alien
ONA in vitro., Genetic recombination essentially consists of the
brezkage and joining of DNA molecules. The development of gene
cloning procedures now permlits DNA obtained from a wide variety
of prokaryotic and eukaryotic sources to be cut ;g.ggggg,at
precise locations and the DNA fragments thereby generated to be
coupled enzymétically to a gelf replicating genetic element,
known as a cloning vehicle (either a plasmid or & virus genome),
Hyorid molecules generated in this fashion are introduced into
a suiteble host cell in which they are propagated (Cohen, 1975)
as described In Fig.ﬁ.' Thus the host cells containing a hybrid
molecule can serve as oéllular factories for selective amplifi-

cation 'of the cloned DNA segment and in some instances, the gene
product specified by the cloned DNA,

Plasmids can be used as cloning vehicles in recombinsnt
DA technology, provided they have following properties (Uld and
Primose, 1981); (1) low molecﬁlar weight, (2) ability to
confer readily selectable phenotypic trait on host cells, and
(3) single sites for a large numnber of restriction endomicleases,

preferentially in genes with & readily scorable phenotype.
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The most widely used plasmid vector is piil-322,

a plasmid uﬁder relazed control of replication that contains
both ampicillin and tetracycline registance g,ene:s;'and a
number of cenvenient restriction siies (Bolivar et al, 1977)
aé shown in Flg.7. The conplete nucleotide sequence of
PER=322 is known (Sutcliffe, 1979). Naturally occuring
plagmids which are used ag cloning vehicles are :Lim:ed in
-Table«28, alongwith their properties, Plasmid pR«322 is
also used as a vector to clme eukaryotic genes ¢.,g5. somatoms
staﬁin, insulin. 7To date the greateast éantribut:tons of
recanbinant OHA research have undoubtedly baen within
molecular biclogy itself; because this technology has made
possible the detalled structural and function analysis of
potentially eny gene (0ld and Primose, 1986). Recambinant
DA probes are usgeful for disgnosis of genetic diseases 1like
hemoglobin disorder (Alter, 1981), thalagssemia (Veathsrall
and Clegg, 1982) and for the foetal INA enalysis (Villlamson -
~et al, 1981; 0ld et al, 1982) in medicine. Using reccmbinent
DNA technology, micro-organisms have been engineered to
syntheslze proteins normally forned anly in higher animals,
thus meking many of these proteins commercially available

a8 shom in Table«zJ,

The location of desired genes in bacteris can be
egtablished by different means, viz., by curing the strainsg of
plasnids, transformation or cloning studiea. However, wost of
the evidence for plasmid invdlwvement in genetlc characterisgtics

"~ hés been based wn curing experiments; demonstration of increw

‘ased proportion of nonproducing strains (at frequency higher
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Cia |23
Eco Rl 4361\ ! Hind [ 29

Aat 11 4286 Eco RY 185
Bam Hl 375 -

Sph1562 N
Sal | 651

Sca 13846
Pvul 3735

Pst 1 3609

Pvu 1l 2066
Tehilt 1 2219
Sna 1 2246

. Ndel 2287

Fig. ®}4 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 Tc” genes.
The thick arrow shows the direction of DNA replication.
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than mutatios) after treatment with curing agents. Although
Qla@zzids are stably inbherited end can replicate in synchray
wish cell divisim, there ls some mmell spontanecus logs of
plasmid VA presumebly as a result of a defect in plasmid
reéplication in s:szail number a;‘: ceJLls. which is infrequent,
However, experimental canditions ~:a§1l seme‘eims be uged which
enhences the naturel frequency of plasmid loss. Cempounds
which have been used so far as curing agents include acridine
dyes, novoblocin, mitamycin-C, e“ahidiwa bromide, sodium
dodecyl sulfate (3SDS) etc. ‘but the effectiveness of any
individual compound vary greatly from plasmid to p:iasmid.'
Alternatively change in the physical conditions of growsh
such as elevated témperature or thymine 5‘¥;arvaj:icn can aléo
regult in plasmid curing (Erods, 1979; Novick et al, 1980).

Agridine dyes are very effective in curing &, coli
of the sex factor 'F' and 'R? faciors (Hirota, 1960;
Mitsubashi et al, 1961; 1963) due to segisctive interference
in the replication of the plasmid (Hon and Korn, 1969).
Tomoede and coworkers (1968) and Salistury et al. (1972)
showed that the detergent SDS was efféctive in eliminating
‘Felac? and the 'R' factor plasnids of E. coll. Antibiotic
resigtance plasmids in Entérebacteriaceaa and Staphylococcd
were eliminated by treatmsnt with ethidiun bromide at the

concentration of 1 x 1&‘691 (Bounchaud et al, 1968). Curing

with nitomycin-C was carried cut in Pgeudomanas putida of
transmissible and degradative plasmids controlling cemphor
oxidetion (Reinhold et al, 1973; Chakrabarty,1974, 1982)
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Hy group of plasmids responsible for reaistaﬁc:& t¢ chloramphe-
nicel kanemycin, streptomycin, tetracycline and to various
coliphages were elimineted by treatment with novobiocin
(Taylor and iovine, 1980)., Novobiccin acta by its interasction
with bém:exﬂia INA gyrage which is required for the supercoliling
of small bacterial plagnids.

The eliminatim of piasmid& by mitogens: is apperently
not due to specific effects of drugs on the extfachromagmal
Dith. D4 replicatien, which is necessary precandition for
cell division, constitute a vulnerable target for the action
of cybotoxic drugs shown in Fig.8., Acridine dyes and mito-
mycin, being flat molecules, lutercelate between the sltacked
bage pairs of DNA helix and iInterfere with r»apli@;atim of LA,
JDuring intevcalationy A helix (&) gels extended,

(b} locally unwound due %o the binding reaction and {c) the
plane of the chromophore of the boumnd drug becomes parallel
that of bage pa irs; theredy interferes with the replication
of DiiA, (Wasxing, EETD
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Rationale of the present investigation :

Detalled studies were carried ocut in this laboratory
t0 detect the type of microworganisms involved in the fermernt-
ation of Indien foeds such as 'idli' 'khaman!, tdhokla' and
' acyml:}.' (Ramalorishnan, 1979). The date on microflora
identified in different Indian fermented foods by verious
investigators are presented in Table-~30. Total and differen
tial bacterial populatiaon in the batters of Indisn ferménted
- fotds are given in Table-?;‘t. from which it can be cmclud@a
that L, mesenteraideg and lactobacillug sp. are the dmimnt
microfleora in fermented hetters. it was found that tmae
xaicro-verganisma originate i’rcm the grains used for preparing
these fermented i‘oada (Table=32 ) i’iae chemical changes brought
abaout by microw-organisms during ﬂamentation are imwase in
free sugary amino nitrogen and cartain viramins as well as
‘ﬁegmdatien of toxins and antinutritional compounds as degorie
bed earlier. It was found that L, pesentercides (HA) isolated
£from '.sayi_dn' batter cen breakdown hemegglutinin due to the
presence of m::%%minidase, mannosidase and prote:a‘ée (Raé and
Remekrishnan, 19<<). Uhen autoclaved soyidli batter was
incculated with a mixture of bac"bcaria namely L, pesenteroides
(HA), Ly ; fermentd, L. del and mcillua'.__g.., a complete
hydrolysis of hemagglutinin wes obsarved in addition to other
chemical changes during fermentetion (Rao, 1973). |
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these studies as well ag changes found during ferment-
atieh. raised the guestion whether some of the micro-organisms
present in fexrmented vatter or stored grains can also bmakdé&m
fletulence producing oligosaccharides (present in almost all |
the legumes) and the neurctoxin (pregent in L. sativus).

hg desCribed earlier though L, zativus nas got & high
protein content and resembles other camonly used legures in
taste and mutritive ?valuag. & algo containg antinutritional
factors and neurctoxin, rre¢liminary gtudies carried out in
this laboratory showed that fermentation of L, gativus removed
oligogacchéridea canpletely and neurotoxin to some extent,
Therefore the objective of the present investigaticns was to |
study the mode of breakdown of ¢ligosaccharides and neurotoxin
(0DAP) by bacteria isolated fram fermented foods or stored
grains, Furthermore studies were also almed to investigate
whether bacteria can grow along with daminant microflora of
fermentation and degrade these toxins. 7The present studies were
therefore undertaken to study whether any bacteria involved in
fermentation and thése which are present in stored grains,can
hydrolyae neurotoxin and flaitulence producing oligosaccharides
and. if =0, study the mode of hydrolysis of these ccmpmnds'by
the bacieria due to the elaboration of the enzymes.

Attempts were therefore made to :

1) seerch for and, if present, isolate raffinose and neurce
toxin (GDAP) hydrolysing becteris from different fermented
foods and stored grains, .



2)

3)

4)

5)

6)
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find out thelr ability to ferment L. sativug batter
and degrade these toxins in the presence of other
becteria,

“detect raffinose hydrolysing and CDAF hydrolysing enzymes

nemely oc -galactosidase and CDAP hydrolase respectively
in raffinose and ODAP hydrolysing bacteria,

purify eand characterize o =galactosidass and invertase
from & bacterial isolate,

gereen the bacterisl isolates which are capable of
degrading entinutritionmal factors and toxing for the
pregence of plasmids end to gbudy the genetic basis of
raffinose degradation,

10 ralse antibodieg against —<=-galactosidase of Bacillug
8pe 1 for studies on immunological properties of the

~mo

These data are incorporated and discussed in this

thesis.



