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INTRODUCTION

Rice is a staple food of the tropics and accowmts
for more than 21% of the total food calories consumed
by the World‘'s population (Athwal 1971)., Consumer
preferences were mainly responsible in selecting varie-
ties, with high amylose and soft gel consistency which
are preferred in India, with intermediate amylose which
are preferred.in Oceania and low-amylose rices which
are preferred in Japan and South Korea, Besides these,
some varieties show extreme elongaéion qualities such
as Sadri varieties from Iran and some varieties from
Burma (Juliano 1979), Scented rices occupy a unique
place in the sphere of consumer preference due to their
pleasant aroma and desirable elongation qualities upon
cooking (Choudhury and Ghosh 1978). They are being
traditionally cultivated in the Indian sub-continent
since ancient days and are popularly referred to as

'Basmati rices'.

Basmati rices command a pre-eminent place in the
World market, in view of the attractive price and have
great export value, Apart from these features, high
milliﬂg returns (Anonymous 1972), tolerance and resis-

tance to certain pests (Reddy 1964) are also associated






with these rices., Considering these attributes, bree-
ding for high yielding scented varieties has assumed
National impdrtance. Genetic and biochemical studies,
especially active principles of scented rices have not
been fully understood, and the need for these investi-
gations has been stressed by many research workers

(sood 1978, Choudhury and Ghosh 1978 and Anonymous 1980).

In view of the growing importance of basmati
rices, the present investigation was undertaken and
specific studies with Esterase isoenzyme and lipoxy-
genase enzyme in scented and non-scented varieties,
characterisation of volatile flavor components, lipids,
fatty acid and amino acid composition etc., were

carried.

The genetics of 'aroma' was studied among the
segregating material of five crosses involving scented
and n9n-scented varieties., The F1 plants were non-
scented and F2 data fitted in monogenic ratio of 3:1
(non-scented : scented), suggesting that 'aroma' in

rice is governed by a single recessive gene,

‘Esterase isoenzyme pattern in five day old seed-

lings of thirty scented and six non-scented rice varie-
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ties suggest that non-scented varieties exhibit two
specific bands, band 8 (Rf 0,41) and band 12(Rf 0,63V,
which were absent in all the scented varieties. Amorg
the scented varieties also, therc were differences in
the electrophoretic pattern and they could be grouped
into a four categories, based on the gradation of

aroma and zymogram pattern,

Lipoxygenase enzyme was studied quantitatively
in scented and non-scented varieties and the scented
varieties had lower values than the non-scented ones.
This shows that these varieties have better storage
qualities, since this enzyme is mainly responsible

for the formation of off-flavors during storagec.

Volatile flavor components were studied in diffe-
rent scented and non-scented varietics both quantita-
tively and by Gas Liquid Chromatography. All the
scented varieties had significantly higher amounts of
volatiles than the non-scented., Among sccented varic—
ties, there werc significant differonccs between the
varicties with known gradation of scent such as high,
medium and low scented varieties. These observations

suggest that scented varieties are characterised by






the presence of higher amounts of volatiles. The GIC
chromatograms of scented and non-scented varieties,
showed 17 to 19 peaks and there were differences in
the compositional pattern among different varieties,
Scented varieties had prominent peaks in the initial
stages of the chromatograms and all thc scented varie-
ties had a large peak 6, which was insignificént in

non-scented varietiecs,

Lipids and fatty acid composition was studied in
twenty scented and two non-scented varieties, TIC of
lipids has showed that there were no major class dif-
ferences among the varieties. Fatty acid composition
by GLC showed that eight fatty acids were present in
all the varieties, and the scented varieties had
oleic acid in higher quantities suggesting that this
may be associated in the biosynthesis of flavor com-

pounds.

Amino acid composition studies of different
scented and non-scented varietics have shown a wide
variation. Proline and alanine, which are precursors
for certaiﬂ volatile flavor compounds, were present
in higher quantities in sccnted varieties than in non-

scented varieties. The cssential amino acid pattern






was comparcd among the varicties with that of FAO

recommended values, For most of the essential amino
acids, all the scented varieties had comparable val-
ues to tﬁat of the rccommended valucs and this shows
that scented rice varieties have better amino acid

composition.

The prescnt studics clearly suggcest that scen-
ted rices can be characterisced biochemically, by
cnzymes like esterasc, lipoxygenase, by quantitative
differences in fatty acid and amino acid composition
and volatile flavor componcnts, The simple monogenic
inhcritance pattern of scentedness, besides the above
biochemical parameters can be exploited in utilising
this cconomically important character in breeding for

better yield.






REVIEW OF LITERATURE

Distribution of scented ricecs:

Scentcd (Basmati) rices are being cultivated in
Indian sub-continent beside other countries like Japan,
Indonesia etc. since ancient timecs, In Japan the
scented rice varietics are referred to as "Kabashika",
"Niomia®", "Jakomai" ctc., and are usually served on

festive occassions (Tsuzuki et al 1975 a).

In our country basmati rices are mainly grown in
the Northern India comprising Punjab, Haryana, Uttar
Pradesh, Rajasthan and Delhi and to a certain extent
in states like Andhra Pradesh, West Bengal, Karnataka,

Maharashtra etc., (Siddiq et al 1976).

Richharia et al (1965) in their studies on the
World Rice genetic stocks, studied the distribution of
scented rice varieties and found that thc percentage
of these varieties is higher in temperatce zonce than in
other zoncs. However in all thce zones the total per-
centage was low and they concluded that the origin of
these rices is very recent, and the character has becn
retained in'the temperate zone than in other rice gro-

wing regions., They also found that most of the varie-
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ties fcll in the medium duration group, less in the

late duration group and lecast in the early duration
group, Scented varieties are not found in the wild
specics of the genus Oryza and are confined to only

O. sativa. species.

In cercals, scentud sorghums have been reported
in a collection from Madhya .Pradcesh (Rao and Murty
1979), and emit similar typc of "aroma" as that of

basmati rices when trceated with mild alkali solution.
Genctics of Scented rices:

Ramaiah (1937), Dave (1940) and Srinivasan(1941)
reported that scent is monogenic and dominant to non-
scentedness. A digenic scgregation of 9:7 (scented :
non-scented) was obscrved by Ramaiah (1937), while a
ratio of 15:1 (scented : non-scented) was rcported

by Srinivasan (1941).

Kadam and Patankar (1938) found a trigenic ratio
of 27:37 (sccnted : non~-scented). Dave (1940), found
xenia cffect for this character obtaining segregation
in the Fl'hybrid. Chakrabarthy (1948) has rcported

an F, scgregation of 13:3 (non=-scented : scented) and






interpreted the phenomenon as duce to inhibitory
factors. Ghosc and Butany (1952) have found non-
scentud trait to be monogenic dominant to scented.
The three complimentary gences have been designated

as Oa' 0, and Oc, while the duplicate genes as O1 and

b
02, by Ramaiah (1953 a).

The inheritance pattern of scent was identificed
gencrally by breaking the ricce grains under the tcoeth
or by boiling thc grains, Ramaiah and Rao (1953),
pointed out that these diverse genetic ratios were
obtained owing to the difficultics in identifying

and scoring scont.

Nagaraj ct al (1975) studicd inheritance of
scent on the basis of lcaf analysis i.c., identifica-
tion of scent from lcaves, and thcy found a ratio of
27 scented : 37 non-scented, This indicates that
scent is governed by the simultancous action of thrcece
dominant genes. Dhulappanavar (1976), studied the
inheritance pattern of scent and its association with
pigmented characters and found four complimentary
genes governing scent. One of the gene showed link-
age with a complimentary gene for red pigment in

apiculus, which is part of V linkage group,






Reddy (1977) rcecovered a non-scented mutant from
the scented cultivar HR-47 and found that it segrega-
ted for gscented and non-scented plants in M3 genera-
tion. It was suggestced that the loss of scent is duc
to a recessive mutation. In a recent study, Sood and
Siddiq (1978) found that the scent trait is monogcnic
recessive and segregates in a ratio of 3 non-scented:
1 scented in the F2 gencration, Their identification
of scent was based on the trcatment of plant material
to mild alkali solution, In their observations the

F1 plant was non-scunted in all the cross combinations.
Mutational Studics:

Reddy and Reddy (1971) obtained promising dwarf
mutants from a tall local scented variety, HR-47,
which matured earlicr and yiclded 17% more when com-
pared to control. In a similar way dwarf mutants have
been induced in scented varicties like NP 49, NP 114
and T 412, Apart from being dwarf, they had rcsis-
tance to the principal rice discascs like, blast,
bacterial lcaf blight and tungro virus (Misra as

quotcd by Gangadharan ct al 1976).

Gangadharan gt al (1976) induced mutations in

the sconted variety Basmati-370 by treating it with






10

gamma rays. In M4 generation 16 scmidwarfs were
isolated and they bred true in Mg. These mutants
were shorter in height, had morc ear bearing tillers
and gave higher yiclds (33% - 133% more). Some of

the mutants had bettcer kernecl elongatioﬁ than the
control. Chaudhary et al (1979), isolated carly
maturing and dwarf mutants from six scented rice
varictics of Uttar Pradesh. Mutants of some varie=-
tics out yielded the parcnts in multi location tests
and it was concluded that mutation brecding was effcc-

tive in inducing productive dwarfs in scented rices,

Physico-chemical Studics:

Scented rices have spucial features in their
grain and cooking qualities. Juliano, (1966) has
shown that, scented rices arc characterized by having’
amylose content around 20% and gelatinisation tcompera-
ture in the range of medium to low. This was an inter-
esting revelation since these characteristics are dis-
tinctly diffcrenf from those of the typical indica
rices. Raghavayya and Kaul (1970), in a study with
8cented dnd non-scented rice varieties, found that the

scented varicties had a higher fat content and also
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higher ash content. The varieties also had better
elongation after cooking when comparced to ordinary
varieties. Protein percentage was also high in some

varietics (8 to 10%).

Sood (1978), studicd the amylose content, protein
content, gelatinisotion toempcrature, volume expansion,
water uptake, L/B ratios of a number of scentcd varic-
ties from different geographical rcgions., The study
showed that amylose perccntage was around 20% in most
of the varicties and it varied from 14% to 25%. Pro-

tein content varied from 9% to 12%.

Choudhary and Ghosh (1978), in their study on
the agronomic and physico-chemical propcrties of scen-
ted and fine riccs, found that some of the sccnted
rices likc¢ 'Scetabhog', 'Badshabhog' etc., gave higher
yieclds and grecater kerncl elongation ratio than typical
'‘Basmati' typcs. They observed more linear clongation
on cooking not only in long-grained 'Basmati' types
but also in short-grainced scented rices like 'NC 314!
and 'Kalanamak'. Juliano (1979), in a recent review
on thc quality of rice, indicated that Basmati rices
have lowér birefringence end-point temperature (BEPT)

and intcrmediate amylose content, They have extreme
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elongation qualitics, and although other varieties
also had similar cormbinations of BEPT and amylose
content, .they do not show the same elongation, All

the scented varietics showed medium gel consistcncy.

Esterase Enzvme Studies:

Esterase enzyme splits simple esters in biclogi-
cal systems (Cherrv and Crandall 1932) and has been
shown to exist in multiple forms both in animals
(Augustinnson 1961) as well as in plants (Qubadda and
Quattrucci 1974). Esterase isoenzymes have been
studied in the members of the family Fabaceae (Thurman
et al 1967), Triticinae (Barber et al 1968 and Bhatia
1969), in Brassica species (Vaughon 1967) and in
Hordeum species (Mitra et al 1970) for the evaluation

of phylogenetic and evolutionary trends.

By using gel electrofocussing technique, Qubadda
and Quattrucci (1974) studied the esterase isoenzymes
in wheat and by adopting substrate and inhibitor
specificity, it was shown that the enzymes are members

of aliesterases or esterase B (3.1.1.1).

Payne and Koszykowski (1978) studied the esterase

isoenzyme differences among 44 soybean cultivars, with
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a view to identify varieties based on isoenzyme diff-
erences. They concluded that these studies can be
useful in a testing programme to identify soybean
cultivars, since the quantity of extract from a

single soybean secd is sufficient for the analyses.

Esterase isoenzymes have been well studied in
relation to the origin and inter-relationship among
the genus Oryza. Nakagahra and Hayashi (1977),
studied esterase isoenzyme pattern in more than 1,000
varieties of rice from different regions of the World.
From these.studies, they concluded that the center
of genetic diversity for rice exists in areas like

East Nepal, Bhutan, Assam etc.

Palanichamy and siddiq (1977) studied inter-
relationship among A genome species of rice and conc-
luded that the contire A genome species could be

grouped into "sativa" and "glaberrima" complexes.

Lipoxygenase: Enzymes Studies:

Lipoxygenase (linoleate : oxygen oxido-reductase
E.C, 1.13.1.13) is found in a wide variety of plants,
particularly in legumes (Tappel 1963). It is impli-

cated with heme proteins and specifically catalyzes






14

the oxidation of methylene-interrupted unsaturated
fatty acids such as linoleic, linolenic and arachi-
donic acids and their estcrs to their respective
peroxides (Holman and Bergstorm 1951)., This enzyme
leads to the deterioration of fat-soluble vitamins
and fatty acids of oils and fats. It also produces
off flavors and odors because of its action on un-
saturated fatty acids in the lipids of food materials
(shastry and Rao, 1975).

Lipoxygenase has been reported in a number of
plants. It is present in alfalfa (Ben-Aziz et al 1971),
groundnut (Dillard et al 1960), soy-beans (Balls
et al 1943), Peas (Siddiqui and Tappel 1956 and Erikson
and Svenson 1970), Potato (Pinsky et al 1973), and
Wheat (Irvine and anderson 1953),., Lipoxygenase from
soy-beans has been well studied and als> been charac-
terised (Holman 1947, Koch et 21 1958 and Garsson

et al 1972).

Guss gt al (1967) in thelr study of isozymes of
lipoxygenase, reported four bands in soybean, one in
mung bean and four in heat. Christopher et al (1970
and 1972) obtained two isoenzymes from soybean after
elution with DEAE - Sephadex.
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In rice, studics on'this enzyme have been
rather limited. Shastry and Rao (1975), studied
lipoxygenase fr&m rice bran and they found that the
optinum pH for this enzyme was about 8.,5. They also
carried disc=gel electrophoresis and found three
distinct bands with lipoxygenuise activity. They
reported that, tryptophan specific reagents had a
considerable inhibitory cffect on the partially
purified enzyme and concluded that thec rice enzyme

may require tryptophan residues for its activity.

Yamamoto et al (1980), studied lipoxygenase
from rice bran and germ of different 'japonica' rice
varieties. They found that most of the activity
was localised in the germ portion, They purificd
the enzyme by ammonium sulphate precipitation, heat
treatment and column chromatography on DEAE-Scephadex
and estimated the molecular weight to be 95,000, It
was found that the isoclatued enzyme had typical pro-
perties of lipoxygenase, which were comparable to
soybcan lipoxidasc. The optimal pH was around 6.5
to 7.0 and the discrepancies with the results of
Shastry énd Rao (1975), were explaincd as to the
variety and tissue variation of the cnzymc and

'japonica' versus ‘'indica' varieties.
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Flavor components studies:

Although great decal of work has been done with
respect to the physico-chemical propcrties of rice
grain, not much is known about the flavor components
of rice. Obata and Tanaka (1965), identified hydrogen
sulfide, ammonia and carbon dioxide in the vapors of
cooked rice and Yasumatsu et al (1966), found volatil:
carbonyl compounds such as acetaldehydc, propanal,

2-butanone, pentanal and discussed their formation.

Kurasawa et al (1969), in their study on the flavo..
components of rice cake, observed that the flavor con-
ponents were extractable with hot water. They identi-
fied hydrogen sulfide, ammonia, carbon dioxide and
some carbonyl compounds. It was concluded that no

single compound was responsible for the flavor.

Bullard and Holguin (1977), studied the volatile
flavor componcents of raw ricc, with respect to the
attractivencss of rats to rice ficlds and identified
73 compounds, of which only 9 were previously reported
in ricee The compounds included alcohols, aldehydes,
alkyl aromatics, furans, kctones, terpcnes and naph-

thalenes. Legendre et al (1978) studied the volatiles
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from rice and corn products and found Mcthanol, acotal -
dehyde, cthanol, acetone, nentanal, hexanal and hexanol
in volatiles of whole rice, brown rice and polished

rice, In addition to these, 2 methylpropanol, 2 mcthvl
pyrazinc, furfural, 2-5 dimethyl-pyrazine, benzaldchyc 2
and 2,6-dibutyl-4-methyl-phenol were found in breakfast

cercals of rice.

Yazima et al (1978), in their study of volatilc
flavor components of cooked rice, found 100 constitu-
ents of the flavor, including 13 hydrocarbons, 13 alco--
hols, 16 aldehydes, 14 ketones, 14 acids, 8 esters,

5 phenols, 3 pyridines, 6 pyrazines and 8 other com-
pounds. Of these 100 components, 92 were ncewly identi..

fied volatile flavor components of cooked rice.

Tsugita et al (1980), studicd the volatiles of
cooked rice, which was milled to different degrces
(92, 85, 75 and 50% milled rice) by GC and GC=MS tech-
niques, Forty volatile compounds were identificd in
cooked rice and thcre were marked differences in both
the odor of cooked rice and in the quantity of vola-
tile components betwecen 92% milled rice and the other
degrees of milling, They also evaluated the aroma

concentrates organo-leptically and concluded that the
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surface layecr constituents of the rice grain have an
important role in the formation of the odor of cooked

rice.

Mitsuda et al (1968), analyscd the volatiles
from rice bran, and identificd scveral compounds like
methanol, ethanol, n-hexanol, acetaldehyde, acetone,
methylpropanol, pcntanal and hexanal, Fujimaki
et al (1977), studied the volatilus from the steam
distillate of rice bran, and found that thc neutral
fraction was the major fraction and was indespcnsable
for producing the rice bran odor, They found 17 car-
boxylic acids and 7 phenols. 4-Vinyl phenol was the
main component in the steam distillate of rice bran,

having a characteristic unpleasant odor,

Tsugita ct al (1978), analysed the ncutral and
basic compounds from thc stcam distillate of rice
bran, They found a total of 146 compounds (alkanes,
aromatic hydrocarbons, alcohols, aldchydes, ketoncs,
esters, lactones, furans, pyridines, pyrazines, quino:--
lines and thiazoles etc.) in addition to the 17 acids
and 7 phenols., 2 acetylthiazole and benzothiazolc wecre
considered to be the key compounds of the rice bran

odor and other compounds likc lactones were also found
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to be necessary for reproduction of the odor.

As regards the studies on flavor components of
scented rice, Ayano and Furuhashi (1970) were the
first to make an attempt in this direction, They re-
ported an increasc in 2-pentanonce content by adding

scented ricc to ordinary rice during cooking,

Tsuzuki et al (1975 a and b, 1977 and 1978) in a
series of experiments, reported the volatile flavor
components of scented rices. They analysed the head
space evolved during cooking scented and normal riccs,
by gas chromatography. They recognised 19 peaks and
found that if the cooking time was longer, more flavor
components were apt to occur, But no qualitative dif-
ferences were found in scented and normal varictics

(1975 a).

They studied the volatile carbonyl compounds,
evolved during cooking of rice by means of thin layer
and gas chfomatographies. The volatile carbonyls were
trapved as 2,4 dinitrophenylhydrazone derivatiwes, In
TiC, 4_spots were recognised and in GIC 19 pcecaks were
identified (1975 b). Thesc workers studied 42 scented

varieties grown in Japan, with respect to their diffe-
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rences in flavor components, They found varietal dif-
ferences among the cultivars and they were divided in-
to 8 groups based on thelr gas chromatograms. They
also found that scentced rices evolved sharper odor than
ordinary ones and the degrce of flavor differed with
different varicties (1977).

They also studied the sulfur-containing volatilcs
evolved from cooking scented and ordinary varicties,
By flame ionisation detector, mcthyl mercaptan, dime=-
thyl sulfidc and dimethyl disulfide werc identified
and by flame photometric detcctor,5 compounds were
identifieds But no qualitative differences were found

between scented and ordinary ricc variecties (1978),

Yazima et al (1979) studied the volatile flavor
components of cooked japonica scented rice (Kaorimai)
and compared with the composition of ordinary rice
variety, The extract was scparated into acidic, basic
and neutral fractions and all the fractions wecre cxa-
mined by combincd gas chromatography-mass spectrometry,
A total of 114 compounds wcre identified and l-pyrro-
lidine was identified for the first time, as a flavor

component of cooked rice and was further observed that
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scented ricc.coﬁtaincd more indnle than ordinary rice,
It also has an unknown compound and l-pyrrolidine in
addition to the compounds of non-sccnted varietye They
concluded that, although the characteristic flavor
components were nat found, the difference in scented

of non=scented rice varictics is duc to the difference
in the balance or proportions of their various compo-

nentse,

Lipids and Fatty acid composition:studics:

The role of lipids, cspecially of fatty acids in
the developmentof numerous aroma compounds has beon
very well studied in the case of fruits (Tang and
Jennings 1968, Forss 1969 and Tressl and Jennings 1972),
Goldstein and Wick (1969), showed a marked change in
the fatty acid composition éf banana pulp lipid during
ripening, Tressl and Drawert (1973) investigated the
enzymatic conversion of linoleic and linolenic acids
into volatile carbcnyl compounds in banana pulp and
observed that palmitic, linoleic and linolcmic acids
increased in concentration before climacteric risc
but decrcased in the maximum formation of aroma sub-

stances,
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Gholap and Bandyopadhyay, (1973 and 1975) studied
the contribution of lipid to aroma of ripening mango
and found that the ripening was associated with a mar-
ked increase in glyceride content. Although the same
type of fatty acids were present, a variation in the
distribution of fatty acids during ripening was observed
and the ratio of palmitic to palmitoleic acid was higher

during ripening.

Rao and Bandyopadhyay (1978) investigated the
chaages in fatty acid composition in pulp 1lipid of
banana during ripening. They found that although simi-
lar types of fatty acids were present, considerable
variation in their quantitative distribution was exis-

ting at each stage of ripening.

In rice, studies on the lipid and fatty acid
composition have been limited. Lugay and Juliano(1964)
studied by GIC, fatty acid composition of 4 rice
varieties. They showed that bran 1lipids had signifi-
cantly higher mean content of linoleic and linolenic
‘acids, but lower contents of myristic, palmitic, palmi-
toleic and stearic acids than milled rice lipids. Nine
fatty acids were detected in all, the principal ones

being, oleic, linoleic and palmitic.
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Yasumatsu and Moritaka (1964) studied the influ-
ence of vériety, soil and climate and storage tempera-
ture on the fatty acid composition of two Japanese
rice varieties., Lee et al (1965) studied the effect
of storage time on the compositional patterns of rice
fatty acids. Significant variation occurred from one
sampling period to the next, but significant corre-
lation between percentage composition and time was

found in only two cases, oleic and linoleic acid.

Resurreccion and Juliano (1975) analysed fatty
acid composition of two rice varieties, by using both
petroleum ether and chloroform:methanol as extracting
solvents, The major fatty acids were palmitic, oleic
and linoleic with traces of myristic, stearic, lino-
lenic and palmitoleic. Milled rice extracted with
chloroform:methanol contained more linoleic less
oleic acid than oil extracted with petroleum ether.
It was concluded that the differences in the fatty
acid composition may be due to the choice of extrac-

ting solvent.
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Amino acid composition studies:

Rice protein is the best among cereals as
regards its nutritive value is considered, since it
has the best aminogram or essential amino acid compo-
sition., Though rice has the highest content of lysine
compared to other cereals, its first limiting amino
acid is lysine, followed by threonine and tryptophan.
(Juliano 1972 p). The aminograms of brown rice and
its fractions show large variation in different varie-
ties like the variety BPI-~76 which has 0.5% lower
lysine than other cultivars with the same protein

content (Palmiano et al 1968).

As the protein content increases, the lysine
content decreases, but the drop in lysine content is
less than proportional to the increase in protein
content and does not occur above 10 percentage points
of protein (Juliano 1972a). However Austin et al
(1972) observed than some lines had relatively more
lysine combined with protein thus indicating the
possibility of developing strains having high protein
and high lysine by extensive screening programmes and

adopting suitable breeding methods.






25

In a study of the amino acid composition of rice
and rice by-products, Houston et al (1969), found rela-
tively minor variation for amino acid content of milled
rice, where methionine showed maximum variability
followed by lysine, threonine, histidine and valine,
and histidine and lysine were negatively correlated with
protein content and methionine, wvaline and lysine wcre

positively correlated.

Besides their influence on the nutritional quality,
amino acids have a role in the formation of volatile
flavor components also. Amino acids change to aldelydes
of one less carbon atom on heating with sugars, this
reaction being referred to as 'Strecker's degradation’',
(Chikubu 1970). Pyridine derivatives such as pyridine,
2-methyl pyridine, 3-methyl pyridjine, 4-vinyl pyridine
etc., are known to be formed by the amino acids in rice
and l-pyrrolidine is the degradation product of proline

(Yazima et al 1979).
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MATERIALS AﬁD METHODS
An attempt was made to collect the germplasm of
scented rices from different institutes like Central
Rice Research Institute, Cuttack, Indian Agricultural
Research Institute, New Delhi and Intermational Rice
Research Institute, Philippines, besides local areas.
About 120 varieties were collected, which exhibited

varying degrees of scentedness for the present studye.

Genetic Studies:

The following varieties were used for genetic

studies.
TABLE - 1
Sl. Plant Days
No. Variety ht. to mat. Source

1. Randhunipagalu 115.5 145 C.R.R.I.,Cuttack

(scented)

2. Type o 3 98.0 135 I.A.RQIQ’NQW Dclhi
(scented)

3. Basmati—370 95.0 140 IQA-R.I-'NE}W Dclhi
(scented)

4, Pokura(scented) 130,0 115 Local collection
from Mcdak Dist.A.P.

5. T™N(1) 95,0 130 Germplasm collection

(non-scented) of Plant Genetics
. Section, Dept.of

6. IR-B, 90.0 135 GenetiCS,O.U.,
(non-scented) Hyderabad.

7. Deepaiguda 125,0 115 Collection from
(non-scented) A.R.S., Adilabad.

8, Bala 90,0 110 C.R.R.I,Cuttack.
(non-scented)

nrbend”
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The following crosses were made betwcecn scented
and non-scented varicties, (1) Randhunipagalu x TN(1),
(2) Randhunipagalu x IR8, (3) Pokura x Dcepaiguda,

(4) Bala x Pokura, (5) Type-3 x Bala and onc Cross
among the scented varieties (6) Basmati 370 x Type-3.
The varieties were seclected on the naturce of aroma such
as 'Randhunipagalu' which is highly scented, ' Type-3;
which is medium scented, ‘Pokura' which is a local
scented cultivar. Bala and TN(1) wcre sclected as they

have good combining ability.

Crosses were made by hand emasculation and polli-
natién. Maturing paniclcs were selected and opened
splkelets were clipped off, The spikelets which are
likely to open next morning were sclected for emascuv-
lation., The cemasculation generally was carried in the
evenings, The spikelets werc cut with scissors and all
the six anthers were carefully removed with the help of
a fine forceps, After emasculation the panicles were
covered with glassine bags to prevent pollination,
Pollination was done during early mornings. Anthers
were collected from the pollen parent and they were
pressed to release pollen, Pollen was applied to the

emasculated spikelets with the help of a fine forceps,
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Immediately after pollination, the panicles were
covered with glassine bags and labelled, Usually
about 10 panicles werc pallinated for cach cross, The
F1 sced was collected, about 20-25 days after pollina-
tion and were preserved, All thc¢ crosses were made in

the Kharif Season,

Half of the F1 sccd was preserved and the other
half was used to raisc thc F2 population, The sccds
werc sown in carthcen pots filled with rcgular black
soil, About 20 day old secdlings were transplanted

into pots filled with fine puddled soile.

Segregation studics were made in thce F2 population
according to the method of Sood and Siddiq (1978).
About a month after transplantation, one or two lcaves
were cut from individual plants and after cutting into
pPicces, were placed in test tubes containing 10 ml. of
1,7% KOH (w/v) solution. Thc tubes were immediately
stoppered and thc analysis of the tubes was carried
after 5 minutes, Scented plants give a typical charac-
teristic ‘'aroma' as compared to non-scented plants, By
the same method, the F1 plants were also scored and thc
observations werce tabulated. The goodncss of £it of the
observed frequencies was calculated by the 'chi-square’

test,
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The following varictics were used for studying

TABLE - 2
Sg: Varicty Ei?nt
S L &
1. Typce-3 98,0
2, Kalanamak 115,0
3. Basmati-370 93,0
4, Kanakjcecer 88,0
S Improved 80.5

Sabarmati
6. Badshabhog 103.0
7. Gopalbhog 112,5
8, Desi Basmati 103.0
9. HR-97 86,0
10. Chandanchur 130.5
11, Assam 634 91.0
12, Bindli 104.5
13, Habganj Bora II 85,0
14, Randhunipagalu 105.5
15, Godavari Isuka 110,0

Naturc
of
aroma

LS

MS

MH

HS

Source

T.AR.T.Now Dclhi
-do-
=do-
=d0=

e oI

~do-
=do-
~do-
-do-
-do=-
~do=-
-do=-
~do-~

C.ReR.TI.,
Cuttack

=do=-
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16. NP-112 124.5 I‘dH CoR.R.Io,
Cuttack
17. Krishnakatukalu 129.5 MH =-do=-
18. Likitimachi 121.8 MH -do-
19, Govindabhog 148.5 ML ~do-
21, Ambcmohar 157 121.0 LS ~do-~
22, Pae Ikulako 143.5 ML I.R.R.I.,
Philippincs
23, Basmati Surkh 122.,5 MS -d0-
89-15
24. Basmati Surkh 123.0 ML ~-do-
161
25, Basmati 122 103.5 LS -do-
26, Basmati 377 111.5 LS -do-
27. NP 119 110.0 MH C.R.R.I.,
Cuttack
28. m-lg 83.0 LS A.P.AoUo,HYd.
29, Basmati-local 96.5 MS Local collection
from Warangal
30. Basmati-Warangal 95,5 MS Dist. A.P.
31, Tellahamsa 80,5 NS } Germ plasm
collection of
32. DGWG 95.0 NS Y piant Genetics
33, TKM 6 105.0 NS X Scction,Dept.of
34, IET-1444 75.5 NS § Gunctics.,0.U.
35. Bala 9040 NS X C.R.R.T.,
36. Ratna 95.0 ns § Cuttack
HS = High scented, MH = Medium high scented
MS = Medium scentcd, ML = Medium low scoented
LS = Low scented, NS = Non-scented
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Disc=Electrophoresis was used in thc prcsent

study (Davis 1964).

Gels werc cast in cylinderical glass tubces, which
were of 10 cm, length and 0.5 cm in intcrnal diameter.
These tubes were fixed in a stand and 40% sucrose solu-
tion (w/v) was carefully poured into thuse tubes with
the help of a syringe and capillary tube, to a height
of 0,5 cme This served as thc spacer gel. On top of
this, large porc solution was placed to a lcngth of
1,0 cm, with the help of a syringe and capillary tubc.
Distilled water (2-3 drops) was added to avoid the for-
mation of meniscus. Large pore solution contained the

following solutions:

a) Tris-hydroxy methyl amino mecthane 5,98 gms,
Tetra methyl ethylenc diaminc 0.46 ml., 1N HC1l
48 ml, made to a final volume of 100 ml, with
distilled water (pH 6.7).

b) Acrylamide 10 gms, 'NN' mcthlcne bis acrylamide
2.5 gms in a final volume of 100 ml.

c) 0.,004% Riboflavin golution.

d) 40% sucrose solution.
in the proportion of 1:2:1:4 respectively. This solu-
tion was exposed to fluorescent light for photopoly-

merisation, which usually lasted for about 15 minutes.
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Water was removed with a syringe and thc adhering water
droplets were removed by adsorbing onto filter paper
strips. Now small.pore gel solution was added to com-
pletely £ill tﬁe tubes and water was added again on

top of this to avoid meniscus formation, Small pore

gel solution contained the following solutions:

a) Tris hydroxy mcthyl amino methanc 36.0 gms,
Tetra methyl ethylenc diamine 0.23 ml., 1N HCl
48 ml, in a final volume of 100 ml.(pH 8,9).

b) Acrylamide 28,0 gms, N'N' methylene bis-acry-
lamide 0,735 gms. in a final volume of 100 ml,

¢c) Distilled water.

d) 0.%4% Ammonium persulfate solution,

in the proportion of 1:2:1:4y Thc gel tubces were kept
in subdued light for about 45 minutes to polymerise the
small pore gel, Aftcer this, thc tubes were fixed in
the electrophoresis chamber for further use, A buffcr
solution containing 0.05 M Tris hydroxy methyl amino-
methane and 0,038 M Glycinc (pH 8.3) was used as thc
Electrolyte buffer, Bromophenol blue was uscd as thc

tracking dyc.

Seeds were surface sterilized with 0.1% Sodium

hypochlorite solution, and werc kept for germination
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in glass vials. 5 day old sceldings, were used in the

present study.

Tissues were extfécted in 2 spot-plate in cold
conditions (4-8°C) in 0.5 ml. of Tcis Glvcine buffer
(pH 8.9). Whatman No.l. filter paper discs were pun-
ched out to fit in exactly into the gel tubes ard thre
enzyme extract was adsorbed on to these discs. T
discs were used for each gecl tube. Electrophorcsis war
done in a cold chamber (6-8°C) at a constant currc=t c 3
3 mA per tube, which usually lasted for about 1% to 2
hours. The gels were rcecmoved from the tubes, with the
help of a syringe ncedle. Thcesc gels were rinsed with
distilled water and were stalned for esterasz activity
(Payne and Koszykowski 1978). Staining solution con-
tained 75 mg. of Fast Blue RR salt, 2.25 ml. of subs-

trate solution (1% of l-naphthyl acetate in 50% acetonz)
in 150 ml. of 0.6 M phosphate buffer at pH 6.1. The
gels were coﬁpletely covered with thc stain and werc
incubated in the dark for 1 hour at 37°C. After ir.uvh
tion, the stain was removed ard gels wore rinsed in
distilled water and were fixed in 7% acetic acid solu
tion. After fixing they were stored in 2% acectic acic

solution. The Rf wvalues were taken for the diffecreat






bands and they were calculated as follows:

Rf wvalue Distance travelled by the particuiar band
of the = : -

band - Distance travelled by the tracking dye.

The gels were scanned for the anzyme activity vithn
a Chromoscan mark II (Joyce Lobel) reccording integrat-
ing densitomcter. The activity of each band was ex-
pressed as a percentage of the total activity of all
thevbands, calculated from the areca under the curve

recorded for each of the bands.

Lipo enasce enzyme studies:

This enzyme was studied quantitatively in the

following varieties.’

1. Randhunipagalu 2. Godavari isuka
3. Type-3 4, Pokura

5. Improved Sabarmati 6. NP 119

7. HR 97 8. Ambemohar

9. Basmati-Warangal 10. Basmati 427
11, IR-8 12, Tella Hamsa

Of these, varieties 1 to 10 are scentcd and 11 & 12

are non-scented.

Quantitative assay:

(a) Extraction: Dehusked rice was freshly powdered ani

this was used for the extraction. 25 gm. of this pnwdc.
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was stirred with 100 ml. of 0.05 M Phosphate buffer
(pH 7.0) for 30 minutes at 3-5°C. After extraction,
the slurry was filtered through, 2 layers of checese
cloth and finally centrifuged at 4°C at 10,000 g for
15 minutes. The resulting supernatant was used as thco

enzyme sourcc,

(b) Assay: The method of Surrcy (1964) was followed

for the quantitative assay.

Linoleic acid substrate was prcpared in thc follov -
ing manner: 0.5 ml. of Tween 20 (Sigma) was dissolved
in 10 ml. of 0.2 M Borate buffer (pH 9.0) and 0.5 ml.
of linoleic acid () 99% Sigma) was added drop by drop.
This suspension was ultrasonically dispersed in a
'Mullard' sonifier, to disperse the acid into a fine
emulsion. To this solution, 1.3 ml. of 1 N NaOH solu-
tion was added and the mixture was once again agitated
to get a clear transparent solution. To this solution
90 ml. of Borate buffer was added and the final volume
was made upto 200 ml. with redistilled water. This
solution was approximately 7.5 x 10"3M in linoleic acid
and 0.25% in linoleate and Tween 20. Finally the solu-
tion was adjusted to the desired pH with concentrated
HCl.
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The enzyme extract of 1 ml. was taken in a test
tube and 8 ml. of substrate was added to it. Oxygcn
was passed continuously into the test tube during the
tenure of the experiment. From this rcaction mixture,
1 ml. aliquots were transferred to test tubes ccontain-
ing 2 ml. of absolute alcohol at different time inter-
val viz., 5,10,15 and 20 minutes. 7 ml. of 60% alcohol
was added to these tubes, to make a total volume of
10 ml. Control solution was prcecpared, by using the same
quantities of substrate and enzyme, but first the
enzyme was added to 2 ml. of absolutc alcohol, mixed
and was allowed to stand for a fcw minutes. To this
60% alcohol was added and then substrate was added.

Duplicate samples were assayed in all the cases.

Clear alcoholic solutions were taken for reading
the optical densities. 2 ml. of the solution was taken
in a cuvette (10 mm light path) and the increase in
optical density was read at 234 nm, against the control

solution in a 'EC' Spectrophotometer.

Effect of pH and time on the activit _

BN

The enzyme was tested at di’ Qrent‘ 1evels,
Q

viz., 5,6,7,8,9,10 and at differ_;ﬁ(time 1n$e als,
viz., 5,10, 15 & 20 minutes, o ﬁay a;hé ok ffmum
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PH and time. For studying the effect of time on the
enzyme, aliquots at different time intervals were taken
at the optimum pH value and the optical densities re-

corded.

The activity was cxpressed in terms of 'Units'.
One unit causes an increase in A234 of 0.001 per min-
ute at room temperature and the specific activity was

expressed in terms of units/mg protein.

Protein in the enzyme extract was measured by
the Biuret method, following Gornell et al (1949).
1l ml. of the enzymc extract was taken in a tcst tube
and to it 3 ml, of Biuret reagent was added. This was
allowed to stand for at least 30 minutes, and after
this the increase in optical density was measufcd at
540 nm against control solution, in a ‘'Spectronic 20°'
colorimeter. Control solution was prepared by adding

1l ml. of water and 3 ml. of Biuret reagent.

Bovine serum albumin (Sigma) was used as the

standard protein.
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Flavor component_ studics:

The following varicties were used for the study

of cooked volatile flavor compounds.

1. Randhunipagalu Highly Scented

2. Basmati - 370 Mcdium Scented

3. Likitimachi .- . -do-
' 4, Desi Basmati -do-

S5« Type - 3 -do-

6. Godavari Isuka - =do-

7. Basmati Sufaid 106 Low Scented

8. Sabarmati -do-

9. Jaya Non Scented
10, Tecllahamsa -do-

Method of extraction of volatiles:

For the extraction of volatile flavor compounds
from cooked rice, the method of Likens and Nickerson
(1970) was adopted. This mcthod is best suited for
the extraction of volatiles from cooked foods as it
allows a simultaneous extraction and concentration of
the volatile flavor components. The apparatus contains
a three necked flask in which the substance is cooked
by steam coming from an inlet. The vapors are led into
a jackiet cooled with chilled water. Solvent and flavor
compounds 1nteréct here and the flavor components are

bound to the solvent.
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250 grams of dehusked rice is taken in a 2500 ml.
three necked flask. To it 400 ml. of glass-distilled
water is added and the flask in stoppcred. The flask
is heated to about 60-70°C and simultancously steam
supply 1s also started. After the entry of steam,
heating of the flask is discontinued and the rice is
allowed to cook by the steam. As the rice is being
cooker, the liberating volatiles are awept by the steam
into the extractor. Here the volatiles are extracted
by the solvent and are condensed by the chilled conden-
ser. The volatiles along with thc solvent collect in
the solvent flask, and are collccted from there. Either
Isopentane (20-25°C) or Pentane (30-35°C) were used
as the solvents. Each sample of rice was cooked for
about 40-50 minutes, to facilitate the complecte extrac-

tion of volatiles.

Quantification of volatiles: For quantifying the

volatiles, the extracted volatiles along with the
solvent, from each batch of cooked rice were trans-
ferred into a pre-weighed, clean and stoppered weigh-
ing flask. The flask was washed thrice with the solvent
and the washings were transferred to the weighing flask,

to prevent any loss in the flavor components. Now, a
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slow stream of dry Nitrogen was passed into the weigh-
ing flask, to evaporate the solvent slowly. This was
¢continued till the solvent cbmpletely evaporated. Then
the weight of the flask was taken and the difference

in weights gave the weight of volatiles. To make sure
that the solvent evaporated completecly, nitrogen was
passed into the flask for 2-3 times and final weight
of the flask was taken when the values were constant.
For each variety, a minimum of 6 batches of rice were
extracted for quantification of wvolatiles. For the
rest of the analysis, extracts from 4-5 batches were
pooled. The volatiles were suspended in peroxide free
Diethyl ether and were stored in a freczer in stoppered

test tubes for further use.

GLC of volatiles: The aroma concentrates of volatiles
from the varieties, Randhunipagalu, Godavari Isuka,
Type-3, Basmati-370 and Jaya wecre subjected to Gas

liquid chromatography in the following manner.

The concentrates of "Randhunipagalu" were sub-
jected to preparative GIC, equipped with "Odour eva-
luating device" to determine the flavor of separated
compounds. 0.6 micro-jiters of the concentrate was

injected into the GLC and the separating fractions
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were smelt by 5 evaluators and the smell of the
compound was rccorded. The ccndition of the GLC are

as follows:

Model
Detector
Column

Temperature

Carrier Gas

Current in
T.Co.D.

Chartspeed

Shimadzu GC4A
Thermal conductivity detector

Dual column (Stainless Stecel
0.3 mm O,D. x 3 M), packed
with 20% Diethylene glycol
succlnate on chromosorb W
(80~-100 mesh).

{Column - 160°
%Detector - 200°

Y Injection port 200°
Helium at the rate of 40 ml/min.

X200 milliampers at an attenu-~
Iation 1.

5 mm./min.

The concentrates of 'Randhunipagalu‘,'Godavari

Isuka', 'Type=3} 'Basmati-370"'and ‘Jaya' were subjected
to analytical GIC. 0.5 to 0.7 microliters of the
concentrate were injected into the GILC. The condi-

tion of the GIC are as follows:

Model
Detector
Column

Temperature

Carrier Gas
Chart Specd

BARC
Flame Ionisation Dctector

Glass column (0,25 mm O.,D., x
6 ft.) packed with 10% carbo-
wax 20 M on chromosorb We.

Column and Detector 150°
Injection port 170°

Nitrogen at the rate 30 ml/min.
0.2 inch./min,
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Fatty aqid composition studies:

For fatty acid composition studies, the follow=
ing scented varieties (1+420) and non-scented (21 and

22) varieties were used.

1. Randhunipagalu 2. Godavari Isuka
3. Type - 3 4, Basmati - 370
S. NP 119 6. Habganjbora II
7. HR 97 8, Badshabhog

9. Basmati Sufaid 106.10, Basmati 140
11. Basmati-Warangal 12. Pokura

13. Chandanchur 14, Basmati 427

15. Arbemohar 16, Kalanamak

17. Likitimachi 18, Improved Sabarmati
19. Desi Basmati 20. Gopalbhog

21, IR = 8 22, Tellahamsa

Extraction of lipids:- Lipids were extracted accord-
ing to the method of Lee et al (1965). 50 gms. of
the dehusked rice was freshly powdered, and was
immediately extracted with the solvent, to prevent
any loss in the yield of lipids due to the action of
lipolytic enzymes., Chloroform:Methanol (2:1v/v) was
used as the solvent and duplicate samples were anal-
ysed for each variety. Powdered rice samplc was
taken in an Omni=-Mixer and 200 ml. of the solvent
was added to the sample. The contents were thorou-

ghly agitated by operating the mixer at medium speed
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for 5 minutes. The contents were transferred to a
Buchner funnel and the sclvent was filtered under
vaccum. The rice sample was resuspended in fresh
solvent and cxtracted agoin in a similar fashion.

In this way, each sample was extracted for a minimum
of 3 times, to ensure complete extraction of the
lipids. The extracts werc pooled and transferred

to a separating funnel., Separation of the miscible
chloroform: methanol extract into two immiscible lay-
ers, with subsequent partitioning of the lipids into
the chloroform layer, was achieved by the addition of
0.2 M magnesium chloride solution in the proportion

of 1 volume of magnesium chloride solutioh per 5 vol-
umes of the lipid extract. The sceparating funnels
were transferred to a cold room and partitioning was
allowed to proceed for 24 hours, After complete
partitioning, the lipid free upper layer was discarded
and the lower lipid extract was taken in a rotary
thin=-film evaporator to remove the solvent. The

lipid residue was transferred to pre-weighed, stop-
pered weighing flask, and the last traces of the sol-
‘vent were removed by blowing a slow strecam of nitrogen.
The flask was weighed along with the lipid to deter-
‘mine the yleld of lipid. Average of duplicate samples
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were taken as the final wecight of the lipid. All the
lipid samples were made into 10% solutions with chloro-

form for further usc. -

TIC of Lipids:~ Thin laycer chromatographic separation

of the lipids was done in the following manner. Glass
plates (20 cm x 20 cm) werc codted with silica gel
(Kieselgels E. Merck, Type 60) slurry (1:2 w/v in
water). The thickness of the gel was 0.5 mma The
plates werc activated for 1 hour at 100°C in an ovena
After activation, thec plates were stored in a dessi-

cator for further usec.

0.1 ml. of the lipid extract (10% solution in
chloroform) from cach variety was spotted on the TLC
pPlate and were placed in the chromatocabs. The cham-
ber was saturated with the solvent system which was,
Petroleum ether:Diethyl cther:iscetic acid in the ratio

90:20:1 (v/v). It took about 1 hour for each run,

Two plates were run for cach sample. One plate
wag viewed in a Iodine chamber and the other was
éprayed with 50% sulphuric acid and was charred in an
oven at.150°C. The position and Rf values were noted

after the development of different spotse.
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Preparation of methyl estcrs of fatty acids:- About

500 mg's of lipid samplec from each variety was trans—
ferred to 50 ml. Erlenmeyer flask and 25 ml. of 2N
Alcoholic Potassium hydroxide solution was added to
cach flask. The lipids were saponificd by refluing
for 2 hours. After saponification, samples werc dilu-
ted with distilled water to a final volume of 50 ml.
and transferred to scparating funnels. This solution
was washed with Petroleum ether (40-60' boiling range)
thrice, to remove non-saponifiables, Now, the samples
were treated with 15 ml., of 6 N Hydrochloric acid, to
liberate the fatty acids; This mixture was washed
with percxide-~free Diethyl ether twice, About 3-4
water washings were given to the cther layer, to remove
excess acid. Anhydrous Sodium sulphitc was added to

the samples to remove the moisturc.

The above fatty acid samples werc transferred to
100 ml. round=bottomed flasks for methylation, To
each sample, 15 ml. of anhydrous Mcthanol and 2 drops
of concentrated sulphuric acid were added and thcy
were rcfluxed for 2 hours, These samples were extrac-
ted witﬁ Diethyl cther threc times. The ether layer

was washed repeatedly with water to remove acid. Three
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Three washings with scdium bicarbonate solution

(10% w/v) were also given to remove acid, and finally
the mixture was washed with water to remove excess
alkali. The cther layer was transferred to a flask
and anhydrous sodium sulphite was added to remove

moisturc,

‘These samples werc evaporated in a rotary,
thin film evaporator and the last traccs of the
solvent werc removed by blowing nitrogen. The sam-
prles were transferred to stoppcred tubes and were

stored in a refrigerator for further use.

Gas chromatographic analysis:=- For determination of

the fatty acid compositinn, a gas chromatograph, with

the following conditions was utilised:

Model F&M
Detecter Flame ionisation detector
Column Stainless Stecel column (183 cm x

0.635 cm. CD) packed with 10%
ethylcne glycol succinate.

Temperature Column 210°C
Injection port and
detecctor 300°C,

Carrier Gas Nitrogen at a flowrate of
2400 ml./hr.

Chart Specd 60 cm./hr.
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0.5 micro liters of the fatty =cid mixturc was
injected from each samplc. Thec fatty acids were
identified by comparisjion of their rctention times
with those of refercnce standards. Gas chromatogra-
phic arecas were measured by multiplying peak height
by pecak width at half height. Means of duplicate

samples werc taken as the final percentagee.

Amino acid composition studics:-

The following varietices were used for studying

the amino acid composition:

1. Randhunipagalu 2. Gocavari Isuka

3. Typc - 3 4, Basmati - 370

5. Sectabhog 6. Likitimachi

7. Kanakjeer 8. Ambemohar

9. Bindli 10. SO - 19
11, Basmati 93 B 12, Basmati Sufaid 100

13. Tellahamsa.

Hydrolysis: - Uniform seeds of diffcrent varictices
were dehusked and ground to a fine powder. 100 mg +
2 mg. of this powder was transferred to a hydrolysis
tube and 3 ml. of 6N HCl (constant boiling mixture)
was added to it. The ampoule was attached to a high
vaccum pump for evacuation of the ampoule. The neck

of the ampoule was sealed in vaccum by means of a
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blow torch. The tubes were kept in a hot-air oven at
110°C + 1°C for 24 hours, to effect the hydrolysis.

At the end of hydrolysis, the contents of thé ampoules
were quantitatively transferred to 25 ml. beakers and
these beakers were kept in a wvaccum aessicator over
NaOH pellets and 9205 for the removal of HCl, The
samples were brcught to dryness after 2 to 3 washings.
with distilled water, tq ensure complete removal of
HCl. After this, the contents were made upto 15 ml,.
with citrate buffer (pH 2.,2). These were centrifuged
at 10,000 g to remove the debris and were transferred
quantitatively into clean test tubes for further use.
All the samples were either cclorless or faint yellow

in color.

Lmino acid analysis:~- This was accomplished on a

JEOL JC=6 amino acid analyser., 1 ml. of the sample
was loaded onto each of the columns. The resin used
was IC=R2, The chromatograms were integrated manually
by the height x width method, and the amino acids

were calculated in term of micrc moles and then con-
verted intu percentage basis of protein. Tryptophan

and cysteine were not estimated.
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Protein content of the varieties:- Profein in the

samples was estimaéed by the micro-kjeldhal method.

50 mg. £+ 1 mg. of the finely ground rice powder was
taken in a micro-kjeldhal flask and was digested

over heat with 3 ml. of conc. sulfuric acid and
catalyst (98 parts K, 80, + 2 parts Cu SO, + 1 part
Selenium dioxide) . After digestion, the sample was
transferred to micro-kjeldhal distillation unit and
the ammonia was liberated and adsorbed into a conieal
flask containing 10 ml., of boric acid, bromo-crescl
green indicator. Heating was continued till the indi-
cator turned blue and about 25 ml. of the distillate
was collected. This was titrated against 0.01 N
Sulfuric acid till the end point (Purple color)
reached. The percentage of the protein was calculated
as follows using the conversion factor 5.95.

(x-y) xb x 0.14 x 5.95 x 100
a x 0.01 x 1000

% Protein

where x = Titre valuc of the sample.

y = Titre value of the blank.
b = Normality of the sulphuric acid used.
a = Weight of sample (gms.).

Duplicate samples were run for each variety
and the mean values were taken as the final percen-

tages.
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OBSERVATIONS

I. Genetic studies:

The inheritance pattern of 'aroma' in rice,
was studied among the segrecgating material of six
crosses. The results are presented in the Table 3.
In the crosses involving scented and non-scented
rice varieties, viz., Randhunipagalu (Scented) x
TN (1) (Non-scented), Randhunipagalu (Scented) x
IR 8 (Noun-scented), Pokura (Scented) x Deepaiguda
(Non-scented), Bala (Non-scented) x Pokura (Scented),
Type - 3 (Scented) x Bala (Non-scented), all the
F1 plants werc non-scented. In the cross with
scented varietics i.e., Basmati - 370 (Scented) x
Type - 3 (Scented), however the F, plants were

scented.

In the F2 generation, about 170 to 220 plants

from ¢ach cross were analysed for the presence or
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absence of ‘aroma’, by treating the leaf mate=sial
to 1.7% Potassium hydroxidc solution and observirg
thé scentedness. The nature of aroma was ccnf'.=-
med 1# the grains also., In the crousses involvir‘
séented X non-scented rice varieties, the F2 pia-
clearly segregated into scented and non.-scented
ones, The data was ;nalysed which exhibited a
monogenic ratio of 3i:t 1 (non-scented : scented)
The data was subjected to chi-square test. Al
the F, plants in the cross Basmati - 370 x Typ~ -

(scented) gave scented onlyi






‘TABLE = 3

AROMA PATTERN IN F1 & F2

POPULATIONS OF DIFFERENT CROSSES

- e Gh WD G u G WS GF e G Gd M S @e Gm G R AR @ G Mm @ Ws Gk Wws &8 4 & T SO

No,0f Plants

sl, CROSS F P Non=Scen=- Scented 2 D
No. 1 2 __ted — X% value
Obse-Lxpe-Obse~ Expe-
rved cted rved cted
1, Randhuni Soen- 180 131 135 -49 45  0.474 0.5-0.3
Pagalu x TN(1) ted ‘ *

2. Randhuni

Pagalu x IR 8 ~do~ 188 136 141 52 47 0,779 C.5«0.3

3. ggﬁ;;?gﬁda -d0o- 204 150 153 54 51 0,235 C.7-0.5

4. Daa x —do- 220 163 165 57 55 0,096 0.8-0.7

3. Type-3 x ~do- 196 150 147 46 49  0.245 0.7-G.5

Bala:: _ o
Total 988 730 741 258 247 1.759

x2 for 1 d.f. at 0.1% level of significance is 2.706.
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II. Esterase isoenzyme studies:

Esterase isoenzymes were studied in five day
0ld seedlings of thirty scented and six non-scented
rice varieties (Fig. 1 a,b,c). The presence of speci-
fic bands is shown in Table 4. Fig, 2 (2.3.£) repre-
sents the zymograms along with densitometer scans
of the gels. The activity per isozyme band exhibited
as percent total activity is shown in Table 5., A
total of 14 bands were present in the zymograms. The
Rf values ranged from 0.06 to 0.75, indicating that
bands were present in a%l the regions of mobility,
i.e., from slow to fast migrating bands. All the
varieties showed band 6(Rf 0.24), band 9 (Rf 0.51)
and band 10 (Rf 0.53). Of these, band 6 was of
medium stainability and bands 9 and 10 were darkly
stained., The above visual observations correlated
with the densitometer scans of the gels. The percent.
total activity of band 6 ranged between 1,13 to 10.10,
whereas bands 9 and 10, showed the activity around

14.32 to 24,30 and 18.00 to 32,00 respectively.

The varieties were ¢lassified into five groups,

based on their nature of aroma (Table 2). They are:
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(a) high and medium~high scented, (b) medium-scented,
(c) medium=low scented, (d) low-scented and (e) non-

scented.

The varieties of group ‘'a‘', Randhunipagalu,
Gadavari Isuka, Type-3, NP=112, Basmati~370, Kalanamak,
Habganjbora II, Kanakjeer, Likitimachi, NP=119 and
Krishnakatukalu showed similar types of zymograms,
All of them exhibited, band 2 (Rf 0,09) with the
exception of Randhunipagalu, Godavari Isuka, NP-112
and Basmati-~370, band 3 (Rf 0.12) with. the exception
of Habganjbora II, whereas band 5 (Rf 0.19), band 6
(Rf 0.24), band 9 (Rf 0.51), band 10 (Rf 0.53) and
band 12 (Rf 0.65) were present in all the varieties.
The densitographic analysis of the gels revealed
that the bands 9, 10 and 12 were the major bands in
this group, followed by bands 3,5 and 6. All the
varieties were characterised by the presence of a
darkly stained band 12 (Rf 0.65) whose activity
ranged from 19,80 to 34.45. The activity of band 3
varied from 1,46 to 16.43,

The varieties of group 'b', Bindli, Basmati-
' Warangal, Basmati-local, HR=97 and Basmati surkh
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TABLE -~ 4 (Contd.)

Sl.
No,

Variety

19,
20.
21.
22.
23,
24,
25

26.
27,
28.
29,
30.
31,
32,
33,
34,
35,
36.

Improved Sabarmati
Badshabhog
Pae Tkulaku
Gopalbhog
Govindabhog
SO 19
Basmati 377
Seetabhog
Basmati 122
Assam 634
Ambemohar
Chandanchur
Tellahamsa
DGWG

TKM 6

IET 1444
Bala

Ratna

+ o+ o+ 4+ o+

+ o+ + +

+

+

+ o+ o+

+ + 4+ +

+ o+ + 4

4 5 6 7 8
+ + +
+ +
+ +
+ + + +
+ +
+ +
+ +
+
+ +
+
+
+
+ + +
+ + + +
+ + +
+ + +
+ + +
+ + +

+ + o+

+

+ F + + + o+ o+ o+ + 4+ o+ o+

10 11 12 13 14
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ +
+ + +
+ +
+ +
+ +
+ +
+ o+ + +
+ o+ + +
+ 4+ + +
+ 4+ + +
+ o+ + +
+ o+ + +







MINS TIeuseq

°8T

98°0T 26°0 90°8T ZI°LI 7L 20°01 60°%T 10°8T TIRUSEg TS3Q °LT
GL*9€ OT°9 %9°61 TL°SIT 19°7 0G°L S8°L $8°1 UIns TIewseg °91
10°6% 68°H#T 6€°1T 06°6 07°L 9v°L L6 uH °ST
SL°0Y PLLT 80°21 68°1 et £8°21 Teo0T Taruseg *H1
€1°8% 198°ZT 68°1T €L’ ¥8°% Ly*L LO°TT Tefueiey Tieuseg °€]
9 1T ¥S°TT L6°8 86°C €0°7 6S°EY €1°S © TIPUTE °21
g1°2¢ 16°2€ OE°*¥2 IE'T L6°T 16°6  18°'T NTEYNIRNRUUSTIY *TT

S7°¥E L8°9T T1€°81 91°8 £€9°61 LL*T 8L 61T 4N °OT

T1°¢€ 61°9Z 9%°LT 85°C GB°E 19°6 12°L TYORWTITNTT °6

12°22 Sv°LZ 92°61 10°0T 10°8 16°6 SI°€ 109 (>euRy *8

1202 TL°€2 LT*e L7 €9°9 ZL°OT 10°L II ®loqzuebuen °L

70°S2 PL°E7 EE°ET LSz L'l 9T ¥1°2 ~ewRURTRY *9

TAd 1 62°€2 TL°TT TS 91°S €8°F €2°9 OLE TIewseqg °g

£1°07 y2° 1% 92°22 917 T10°% 81°8 ZIT aN °%

08°61 ¥5°1€ 61°82 L0*9 10°9 $9°C 6£*8 ¢ 9dfy °¢.

LO*OE L9°8Z zi*oz z8°c 1€°€ TL°E! e)USI TIRARDOD °

#9°9¢2 #5°62 08°81 gE'y 12°% €791 nyefedrunypuey *1

s €l 2l M ol 6 8 L 9 S v € ¢ ispwg APTEA T8
p DI 40 SAILITUVA INTWAIAIQ NI (EOVINZOWAE FATIVIZY) ALIALIOY JSYWALST

S = VL






96°TZ 82°9  6E°% €E€°LT ¥P°9T TT1°€ 6€'1 72°C 68°8 68°01 euIRy °9¢
€6°GZ  €0°Z  €9°% ¥E°9Z T12°BT 10°Z €0°T 21°'C 68°9 88°6 eleg °GE
GI°TZ 69°CT  GL°V 9G°GZ OE°LT 21°C LY°T 6G°% €L®6 LT*01 YY1 IIT °*PE
GZ°%Z 06°C€.  OT°G 00°Z€ GZ°OT 0G°Z G2°T ZL°E AL 8L Y 9 WL °€€
IL°SZ  OT°T  L9°€ TI°¥E LO*OT ¥€°C 19°€ L9°€ TL°S oMOa *Z€
L9°€Z T16°0  G6°C T6°LZ TZ°8T IL°E %0°C CL°Y 86°9 esweyeT(aL °1¢
00°2¥ 62°0Z LS*81T €Y1 y1%6 116 InyduepuRy) *0f
10*62 8v°LZ 19°02 Go°'€ yL°ET 11°9 TBYOURQUY *6Z
90°9¢ GI°1Z 2771 ot1°0T1 90°11 12°L €9 wessy °gg
88°ZYy L7°0T 10°ST 89°% €0°L 76°6 721 Taeuseg °L2
€6°6T LI°E 16°LT 82°€T GO°*L €6°€1 Z1's boyqe3sds °9z
6T°9% 8T°0f Z7°61 18°0 g6°0 6L°0 LLE TIeuseg °GZ
0S°LE  ¥¥°9 17°82 92°%2 88°0 Z€°'1 811 6T 0S *¥2
So0°L  Li't gv°zE TE*0L ZL°S 89°€ 99°TT OE°®6 boyqeputaon °€7
9E°TT  L6°T GB°T1Z 6L°¥1 L6°T L¥®6 2G8°v €0°0C 62°S1 fouqredos *zz
9E*VT  62°1 12°G2 £9°02 LS*0 86°€ €L'S TT°SIT z9°*o1 eI 9'd °TZ
EV°2T €L G8°8T 16°9T 68°C T9°L 80°GZ 06°¥1 Bouqeyspeg *0z
88°Sz 97°2¢ €6°12 ) 88°0 T1°Z 22°%9 £6°01 TIeuwreqes pasoadur °gT

91 €T T 1T Of 6 8 L 9 S 7 3 z 1 K391amp HMM

8s

(*P3uc)) § = FTEVL






59

showed similar types of electrophoretic pattern.

All of them exhibited band 1 (Rf 0.66) except Basmati
surkh, band 3 (Rf 0.12) except HR=97 and Basmati
surkh, band 6 (Rf 0.24), Basmati-Warangal and Basmati
surkh had band 7, band 9 (Rf 0.51), band 10 (Rf 0.53),
Basmati surkh had band 13 (Rf 0.68) and all the varie-
ties had band 14 (Rf 0.75). The densitographic ana-
lysis showed that bands 3,9,10 and 14 were the major
bands in this group, followed by bands 1,5 and 6.

All the varieties exhibited a darkly stained band 14,
whose activity varied from 24,36 to 40.75. The acti-
vity of bands 9 and 10 was slightly less in this
group, 11,54 to 24,64 as compared to 18.84 to 28,56
of other groups. The activity of band 1 varied from
5,13 to 12,83,

The varieties of group 'c', Desi Basmati,
Basmatli surkh 161, Improved Sabarmati, Badshabhog,
Pae Ikulaku, Gopalbhog and Govindabhog exhibited
similar types of zymograms with a few exceptions.
They contained band 2 (Rf 0.09), with the exception
of Govindabhog, band 3 (Rf 0.12) with the exception
of Basmati surkh 161, Pae Ikulaku and Gopalbhog,
band 4 (RE 0.14) with the exception of Desi Basmati,









Fig. 1 (a) Esterase Isoenzyme pattern in different
rice varieties.

1. Randhunipagalu
2. Godavari Isuka
3. Type - 3

4, NP - 112

5. Kalanamak

6. Basmati Surkh 161
7. Krishnakatukalu
8. Basmati -~ 370
9. Kanakjeer

10. Likitimachi
11. Habganjbora II
12, NP - 119
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Fig. 1(b) Esterase Isoenzyme pattern in different
rice varieties.

13, Improved Sabarmati
14, Badshabhog

15, Govindabhog

16, Pae Ikulaku

17, Gopalbhog

18, Desi Basmati

19, 80 - 19

20, Basmati - 377

21, Basmati Surkh 89-15
22, Seetabhog

23, Basmati - 122

24, HR = 97









Figure 1b









Fig. 1 (c) Esterase Isoenzyme pattern in different
rice varieties.

25, Chandanchur
26, Assam - 634
27. Ambemohar

28. Basmati-local
29. Bindli

30. Basmatli - Warangal .
31, Tellahamsa
32, DGWG

33, TXM - 6

34. IET - 1444
35, Bala

36. Ratna
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Badshabhog and Govindabhog, band 5 (Rf 0,19) with the
exception of Badshabhog and Govindabhog, band 6

(Rf 0.24), band 9 (Rf 0.51), band 10 (Rf 0.53),band 13
(Rf 0.68) and band 14 (Rf 0.75). The activity of the
isozyme bands as shown by the densitograms, revealed
that bands 2,9,10 and 14 were the major bands in this
group. All these varieties had a lightly stained
band 13, which was absent in the groups 'a' and 'b‘.
The activity of this band ranged from 0.52 to 2.27.
The activity of the band 2 was 10.62 to 18,01, band 9
from 14.79 to 21.93, band 10 from 18.06 to 32.43 and
band 14 from 7,05 to 12,43,

The varieties of group 'd', S0-19, Basmati 377,
Seetabhog, Basmatl 122, Assam 634, Ambemohar and
Chandanchur exhibited similar types of zymograms.
They had band 1 (Rf 0.06) with the exception of S0-19
and Basmati 377 which'had band 2 (Rf 0.09), band 3
(Rf 0.12) with the exception of S0-19, Basmati 377
and Basmati 122, SO 19, Basmati 377 and Basmati 122
had band 5 (Rf 0.19), all the varieties had band 6
(Rf 0.24), band 9 (Rf 0.51) and band 10 (Rf 0.53),
S0=19 and Seetabhog showed band 13 (Rf 0.68) and all
the varieties had band 14 (Rf 0.75). The activity









Fig, 2 (a) Gel scans along with diagramatic represen=-
tation of banding pattern in different rice
varieties.

1, Randhunipagalu
2, Godavari Isuka
3. Type - 3

4, NP - 112

5. Basmati = 370
6. Kalanamak.


















Fig., 2 (b) Gel scans along with diagramatic represe-
tation of banding pattern in different 1. ce
varieties.

7. Habganj Bora II
8, Kanakjeer

9, Likitimachi

10, NP - 119

11, Krishnakatukaln
12, Bindli


















Fig. 2 (c) Gel scans along with diagramatic represen-
tation of banding pattern in different rice

varieties.

13,
14,
15,
16.
17.
18,

Basmati - Warangal
Basmati - local
HR - 97

Basmati Surkh 89-15
Desi Basmati
Basmati Surkh 161
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Fig. 2 (d) Gel scans

along with diagramatic represen-

tation of banding pattern in different rice

varieties.

19.
20.
21,
22,
23,
24,

Improved Sabarmati
Badshabhog

Pae Ikulaku
Gopalbhog
Govindabhog

SO - 19
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Fig. 2 (e) Gel scans along with diagr-mi*.c rerresen.
tation of banding pattern in diiferent ilce
varieties.

25. Basmati - 377
26, Seetabhog

27. Basmati - 122
28, OAssam -~ 634
29. Ambemohar

30. Chandanchur
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Fig, 2 (f) Gel scans along with diagramatic represen-
tation of banding pattern in different rice
varieties.

31, Tellahamsa
32, DGWG

33, TKM - 6
34, IET - 1444
35, Bala

36. Ratna
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of the isozyme bands as shown by the densitograms,
re&ealed that bands 2,9,10 and 14 were the major
pands in this group. The activity of the band 2
varied from 10,62 to 18,01, band 9 from 14,79 to
21.93, band 10 from 18,06 to 32.42 and band 14 from
7.05 to 12,43,

All the non-scented rice varieties (group 'e'),
Tellahamsa, DGWG, TKM 6, IET 1444, Bala and Ratna
showed similar types of electrophoretic pattern,

They had band 1 (Rf 0.06) with the exception of
Tellahamsa and DGWG, band 3,(R€ 0.12), DGWG had band 4
(Rf 0.14) and band 5 (Rf 0.19), all the varieties had
band 6 (Rf 0.24), band 7 (Rf 0.27) with the exception
of DGWG, bands 8 (Rf 0.46), band 9 (Rf 0.51), band 10
(Rf 0,53), band 11 (Rf 0.63), band 13 (Rf 0.68) and
band 14 (Rf 0.75). All these non-scented varieties
had two specific bands, i.e., band 8 and 11 which
were absent in all the scented varieties. The activity
of iscozyme bands as shown by the densitographic scans,
revealed that the bands 1,3,9,10 and 14 were the major
bands of this group. The activity of band 1 varied
£rom 4;78 to 10.89, band 3 from 6,25 to 9.73, band 8
from 2,01 to 3.11 and band 11 from 3,67 to 5,10,
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III. Lipoxygenase enzgge_studies:

Lipoxygenase was studied quantitatively in ten
scented rice varieties, namely, Randhunipagalu,
Godavari Isuka, Type-3, Pokura, Improved Sabarmati,
NP-119, HR=-97, ambemohar, Basmati-Warangal, and
Basmati 122 and two non-scented rice varieties IR 8

and Tellahamsa.

Effect of pH on_the activity of enzyme:- The enzyme

extracts from all the varieties were first assayed

at different pH levels viz.,, 5,6,7,8,9 and 10, to
know the optimum pH, All the varieties with the
exception of IR 8, showed maximum activity around

pH 8, The pH curves for these varieties are shown

in £4g.3a,b,cd. Although the activities differred,

the curves were bell shaped with the maximal activity
centered around pH 8 and tapering towards both the
sides. Similar results were obtained by Shastry and
Rao (1975), who obtained a pH optimum of 8,5 for the

lipoxygenase enzyme from rice bran,

The activity of the enzyme from the variety
IR 8 wds the only exception, where a different type

of curve with maximal activity at pH 6 was observed.









Fig. 3 (a) vVariation in lipoxygcnase activity
as a2 function of pH and time in
different rice varieties.

1. Randhunipagalu

2., Godavari Isuka

3, Type - 3
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Fig. 3 (b) Variation in lipoxygenase activity
as a function of pH and time in
different rice varieties,

4., Pokura
5. Improved Sabarmatil
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Fige. 3 (c¢) Variation in lipoxygenase activity
as a function of pH and time in
*diffcrent rice varieties.

8. Ambemohar

9, Basmatl - Warangal
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Fig. 3 (d) variation in lipoxygenase activity
as a function of pH and time in
different rice varieties.

10, Basmati - 427
11, IR - 8

12, Tellahamsa
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Similar results were obtained by Yamamoto et 21(1980),
in Aifferent japonica variétieé_wbere.the optimal

activity was found to be at pH 6.5.

These enzyme extracts were also assayed at
different time intervals viz., 5,10,15 and 20 minutes
at the optimal pH to study the effect of timec on the
activity. For all the varieties studied, there was
a initial increase in the velocity, which continucd
upto 15 minutes and then terminated into a plateau
(Fige 3). These observations represent*" typical
lipoxygenase patterns similar to soybean lipoxy-
genase (Koch et al 1958). The linear relationship
is characteristic of the lipoxygenase catalyzed
reaction and distinct from those nonlinear relation-
ships usually observed for the reactions catalyzed

nonspecifically by many heme proteins.

Enzyme activity:- The specific activities of diff-

erent varieties are shown in the Table 6 and Fig. 4.

The scented rice varieties had lower values of
specific enzyme activities when compared to non-
scented varieties. The values ranged between 40 to
55 units/mg. protein for scented varieties and from

80 to 85 units/mg. protein , for non-scented varieties.






SPECIFIC ACTIVITY OF LIPOXYGENASE IN DIFFERENT

9.
10.
11,
12,

TABLE - 6

RICE VARIETIES

Randhunipagalu

Godavari Isuka

-Type - 3

Pokura

Improved Sabarmati
NP 119

HR 97

Ambemohar

Basmati Warangal
Basmatli 427

IR 8

Tellahamsa

WL protein

(mg/ml)
410 7.8
370 766
390 8.1
380 79
390 8.1
410 8.1
360 8.8
470 8.9
400 8,4
450 8.5
559 6.9
603 Tel

64

Specific
activity
(units/mg
protein)

52
48
48
47
48
50
40
53
47
52
81
85










Fig. 4. Specific activity of lilpoxygenase cnzi.
in different rice wvarieties.

1. Randhunipagalu

2, Godavari Isuka

3. Type - 3

4., Pokura

5. Improved Sabarmati
6. NP - 119

7. HR - 97

8. -Jmbemohar

9. Basmati - Warangal
10. Basmati - 427
11, IR - 8

12. Tellahamsa
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IV, Volatile flavor component studies:

In rice, not much is known about the volatile
flavor components. The differences between the
composition of the volatile flavor components of
scented and non-gscented rices are also not clearly
known. 1In thé present study volatile flavor compo-
nents were studied both quantitatively and by GIC
to know the differences between scented and non-

scented varieties.

Quantitative estimation of wvolatiles:- The quanti-

tative estimation of volatile flavor components in
different écented and nuvn-scented varieties is given
in Table 7. As can be seen from the table, all the
scented rice varieties had higher mean values of
volatiles than non-scented ones which wap also sub-
jected to 't' test (Table 8). The means of volatiles
from varieties with known gradation of scent, viz.,
highly scented variety like Randhunipagalu was tested
against the means of medium scented varieties like
Type=3, Basmati-~370 etc., and low scented varieties
like Sabarmati and the means of medium scented varie-

ties and low scented varieties were also tested by
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TABLE - 7

MEAN VALUES OF VOLATILES IN DIFFERENT
RICE VARIETIES

Variety

Randhunipagalu
Basmati 370
Likitimachi
Basmati local
Type 3

Godavari Isuka
Basmati sufaid 106
Sabarmati

Jaya

Tellahamsa

h +
Nature Mean T s.E.

of aroma (mg/kg.of
cooked rice)

Highly scented 33.80 * 1,91
Medium @cented 23.23 ¥ 0.93
~do- 22,62 ¥ 1,56

~do- 21,74 ¥ 1,35

-do- 21.56 X 1.60

—~do- 20.68 1 1.43

Low scented 17.48 + 0.83
-do- 16.86 ¥ 0.92

Non scented 10.43 ¥ 0,71
-do=- - 12.36 ¥ 0,97
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TABLE - 8

COMPARISION OF MEAN VOLATILE VALUES AMONG
SCENTED AND NON-~-SCENTED RICE VARIETIES

No, Varieties value
1. Randhunipagalu vs. Jaya 19.97*
2. Randhunipagalu vs. Tellahamsa 17.35%
3« Type 3 vse. Jaya 11.02*
4, Type 3 vs., Tellahamsa 84 52%
5. Basmati 370 vs. Jaya 18,.82*%
6. Basmati 370 vs. Tellahamsa 13.,94*
7. Godavari Isuka vse. Jaya 11,14*
8. Godavari Isuka vs. Tellahamsa 8.40%*
9. Likitimachi vs. Jaya 12,44%*

10, Likitimachi vs. Tellahamsa 9.16%*

11, Basmati local vs. Jaya 14,50%*

12, Basmati local vs. Tellahamsa 10,19%*

13, Basmati sufaid 106 vs. Jaya 17,80%*

14, Basmati sufaid 106 vs. Tellahamsa 9,43%
15, Sabarmati vs, Jaya 14,29%*

16, Sabarmati vs. Tellahamsa 7 e62%

- I G YD S > G D GBS = W - en an av sw e - - e - S e C - - e . - - S W =P D . S G S > -on o amn e ann wve

't' values for 2 d.f. at 0.1 and 0,05 level of
significance are 2.92 and 4.30 respectively.

* significant,
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COMPARISION OF VOLATILES AMONG HIGH, MEDIUM
AND LOW SCENTED RICE VARIETIES

gg: Varieties véf&e
1. Randhunipagalu vs. Type 3 5.94%*
2. Randhunipagalu vs. Basmati 370 7.09%
3. Randhunipagalu vs. Godavari Isuka 6.94*
4., Randhunipagalu vs, Likitimachi 5.53%
5. Randhunipagalu vs. Basmati local 6.63%
6. Randhunipagalu vs. Sabarmati 11,.37*

7. Randhunipagalu vs. Basmati sufaid 106 11,.33*

8. Type 3 vs. Sabarmati 3.81*
9. Type 3 vs. Basmati sufaid 106 4.,15%
10, Basmati 370 vs. Sabarmati 11.37*
11, Basmati 370 v¥s. Basmati sufaid 106 9,.53*

12, Godavari Isuka vs. Basmati sufaid 106  3.55*%

13. Godavari Isuka vs. Sabarmati 3.98%
14, Likitimachi vs. Basmati sufaid 106 4.99%
15, Likitimachi vs. Sabarmati . 5.28%

16, Basmati local vs. Basmati sufaid 106 S5.13*%

17, Basmati local vs. Sabarmati 5.55*%

‘t' value for 2 d.f. at 0.1 level of significance:2.92.
* Significant.










Fige 5. Profiles of volatiles in some rice varieties.

1. Randhunipagalu

2, Basmati - 370

3. Likitimachi

4, Basmati - local

5. Type - 3

6. Godavari Isuka

7. Basmati sufaid -~ 106
8. Sabarmati

9. Jaya
10. Tellahamsa



LR IT T IR P
"!000.0050'.0

o e e e
ageL oo

(3 LIS IR N
.. .'....'. S SSd
- .

.
- »!
(MY e®ae?
'~

(S24 LD

-, - o L)
. otete agveesale
S e 8 8 G A 9 b S _V_0_ b
a%e%e % v Yo s %e %! OSHEB

o
S e
eSele
IS

.
Oc
etetedelels!
sveesesates
o tete2 %050 202
Telnleteleleleds.

SR I IC I NN
e saseastaroaisseees
»2es
% eseSatete
o sl Jesedets s SIS0
wSugel: I ITIILHITITISY
20tee0a2e20002e 00002, 2000002
s lanetatetetntetntelvlatel
Setetatstetetetotostutote e
eqese svoesegeceletadels.
e ®8%0%0 % 0% %% %0 te 2% 20 %2

PROFILES OF VOLATILES IN SOME RICE VARIETIES

Wk e uh wovaegs
FO Ot e
.‘.‘..”".'.. (4

S B O
3 ds2e%a00d
CICSICHLD

.,
0SS
oo wiale

Py
g = 3 2

&

X
5 d L ettt LI >

£

10

Figure S






69

't' test (Table 9). The profiles of wolatkiles are

shown in Fig. 5.

GﬂC studies with volatiles:~ The concentrates of
volatiles were studied by GIC to know the composi-
tion. %he concentrates of volatiles from the scented
rice variety 'Randhunipagalu' was subjected to GIC is
in a Gas Chromatograph equipped with a device to
smell the separated fractions. The pattern of GLC
represented in Fig, 6. It can be seen that the
Basmati flavor was coming in the initial stages of
the gas chromatogram although the quantity was very

low as shown by the peak.

The concentrates of volatiles from 4 scented
rice varieties namely, Randhunipagalu, Godavari
Isuka, Type-3 and Basmati-370 and non-scented variety

Jaya were also subjected to analytical GIC,

‘Randhunipagalu'(Fig. 7) contained a total of 18 peaks,
Godavari Isuka'(Fig. 8) showed 17 peaks, 'Type-3'
(Fig. 9) exhibited 19 peaks, 'Basmati-370'(Fig. 10)
contained a total of 18 peaks and'Jaya'(Fig. 11)
revealed a total of 18 peaks.
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Fig6s GAS CHROMATOGRAM OF THE AROMA CONCENTRATE WITH

FLAVOR COMMENTS. var. RANDHUNIPAGALU.
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Fig.7. GAS CHROMATOGRAM OF THE AROMA CONCENTRATE
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Fig.8GAS CHROMATOGRAM OF THE AROMA CONCENTRATE ,var, GODAVARI ISUKA.
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Fig.9. GAS CHROMATOGRAM OF THE AROMA CONCENTRATE.ver. TYPE-3.
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V. Lipids and Fatty acid composition studies:

Lipids contribute in the production‘of 'aroma'
by acting as precursors to volatile flavor components.
In the present study, qualitative studies of lipids
and fatty acid composition was studied in different
scented and non-scented varieties, to see the differe-

nces among the varieties,

TLC of lipids:-

The extracted lipid samples from twenty scented
and two non-scented varieties, was subjected to TIC.
The separation pattern is shown in Fig, 12. The pat~
tern of separation from the origin was, phospholipids
and monoglycerides, diglycerides, free cholesterol,
free fatty acid, tryglycerides and cholesterol esters.
There were no class differences among the varieties,
The intensities of some of the spots such as ‘'free

fatty acid' varied in certain varieties,

Fatty acid composition:

Fatty acid composition was studied in twenty
scented and two non-s=cented rice varieties, The

typical separation of the fatty acid methyl esters









Fig. 12 (a) TLC separation of lipid from different
rice varieties.

l. Randhunipagalu

2, Godavari Isuka

3., Type - 3

4, Basmati -~ 370

5. NP = 1193

6. Habganjbora IT

7. HR - 97 |

8. Badshabhog

9. Basmati sufaid - 1C6
10, Basmati - 140

11, Basmati - Warangel.
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Fig. 12 (b) TLC separation of 1lipid from diffcrent
rice varieties.

12, Pokura
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14, Basmati - 427
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22. Tellahamsa
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is shown in Figure.13. All together eight fatty
acids, namely, myristic (C 14:0), .almitic (C 16:0),
palmitoleic (C 16:1), stearic (C 18:0), cleic (C 18:1),
linoleic (C 18:2), 1linolenic (C 18:3) and arachidic

(C 20:0) were present in all the varieties. Of these
palmitic, oleic and linoleic were the principal compo-

nents, the other being present in smaller quantities,

The fatty acid composition of different varieties
is shown in Table 10. Although there were no quali-
tative differences in fatty acid composition pattern
among scented and non-scented rice varieties, there
were quantitative differences with respect to certain
acids. In all the scented rice varieties, the quan-
tity of oleic acid was higher when compared to non-
scented rice varieties. It varied from 44.17% to
49,26% in the scented rice varieties, while its per-
centage in the non-scented rice varieties was 37.3%
and 38.6%. The quantity of linoleic acid ranged
from 19,07 to 25,54 among scented varieties, whereas
the non-scented varieties had the wvalues of 37.30%
and 38,60%. This shows that scented varieties have
lower quantities of linocleic acid than non-gcented

varietiesi
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VI. Amino acid composition studies:

Amino acid composition was studied in twelve
scented varieties, namely Randhunipagalu, Godavari
Isuka, Type-3, Basmati-370, Seetabhog, Likitimachi,
Kanakjeer, Ambemohar, Bindli, SO-19, Basmati sufaid 100,
Basmati 93 R and one non-sccnted variety Tellahamsa.
The composition is shown in Table 11. There was a
wide variation for most of the amino acids among the
different varieties. The values for different amino
acids ranged considerably: aspartic acid (4.19 gm/

100 gm protein to 8.79 gm/100 gm protein), threonine
(2.31 to 3.66), serine (2.60 to 5.16), glutamic acid
(11.78 to 16,52), proline (2,06 to 4,50), glycine

(2.48 to 6.65), alanine (2.94 to 5.33), valine (3.28 to
5.33), methionine (1.82 to 3.13), isoleucine (1,82 to
3.40), lencine (4.02 to 8.95), tyrosine (1.47 to 4.23),
phenyl alanine (3.56 to 5.,52), lysine (2.32 to 4.86),
histidine (1.21 to 2,70), argenine (4.91 to 10,85).

Protein percentages varied from 7,08 to 11.36%.

The highest wvalue. for aspartic acid was fouynd
in Randhunipagalu (8.79), for threonine in Type-3
(3.66), for serine and glutamic and in Randhunipagalu
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(5.16 and 16.52), Typé-3_had the highest vaiues for
proline, glycine, alanine,'valinq,methioﬁine, isoleu~
cine, tyrosine, phenyl alanine, lysine, histidine,
arginine (4:50, 6.65, 5.33, 5.33, 3.13, 3.40, 4.23,
552, 4.86, 10.85 respectively). Proline, which is
known to be the precursor for certain volatile flavor
components (Yazima et al, 1979), was pra2sent in more
quantity in the scented rice varieties. It varied
from 3.89 to 4,50 gm/100 gm protein in the scented
rice varieties, while it was only 2.06 in the non-
scented rice variety. The quantity of alanine, which
is also a precursor for certain volatile flavor compo-
nents, was more in the scented varieties than non-
scented ones. It varied from 3.94 to 5.85 as against

2.73 of the non-scented variety (Fig. 14).

Essential Amino acid pattern in different varietics:

The essential amino acids, lysine, methionine,
threonine, leucine, isoleucine, valine and phenyl
alanine composition in different rice varieties were
compared with the recommended standards of FAO (Food
and Agricultural Organisation). The pattern of these

amino acids is represented in Fig. 15.









Fig. 14. Proline and alanine compositicn in different
rice varieties.

1. Randhunipagalu
2, Godavari Isuka
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8. a4Anbemohar

9. Bindli
10. sO - 19
11. Basmati Sufaid - 100
12, Basmati - 93 R
13, Tellahamsa.
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For 1§sine'content, varieties Randhunipagalu,
Likitimachi, Ambemohar, Bindli, S0-19, Basmati
sufaid 100 had comparable values with the FAO stan-
dards. Thc variety Typce-3 had a higher quantity of
lysine than the FAO standard, and the varieties,
Godavari Isuka, Basmati-370, Seetabhog, Kanakjcer,
and Tellahamsa had lower quantities than the FAO

standard.

For mcthionine content, all the scented rice
varieties had higher valucs than the non-scented onec
and all the wvalues were comparable to the FAO stan-
dard. Typc-3, Basmati-370 and SO-19 had higher wvalues
among the scented varieties., Non-scented variety

Tellahamsa, had lower quantity than the FAO valuc.

For leucine content, all the varieties with the
exception of Seetabhog,had higher values than the
FAO standards. Randhunipagalu had the highest wvalue

followed by Type-3.

For Isoleucine content, all the varietics had
lower”éalues when compared to FAO standards. Seeta-

bhog and Tellahamsa had the lowest values for this

ano acid.









Fig. 15. Essential amino acid profiles in diffecrent
rice varieties.
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For threonine content, all the varietics with
the exception of Seetabhog and Tellahamsa, had com-
pa}able or -higher values than the FAO standards.
Randhunipagalu, Type-3 and Bindli exhibited highest

valucse

For valine content, Randhunipagalu, Type-3 and
Basmati-370 had the highest values and excecded the
FAO standard. Varieties Bindli, SO0-19 and Tcllahamsa
had comparable values and the rest of the varieties

had lower values than the FAO standarde.

For phenylalanine, all the varieties exceeded
the FAO standard and Type-3 had the highest value,
followed by Randhunipagalu and SO0-19,
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DISCUSSION

In view of the importance of basmati rices,
attempts have been made in the past to recover high
yielding, dwarf rice varietics with desirable basmati
qualities, like pleasant aroma, better cooking and
eating qualities (sood 1978). In gencral, the re-
leased varieties failed to match with the typical
basmatl varieties and this may be due to lack of pre-
cise information on thec genetics of aroma and the
biochemical nature of the scented rices. The present
investigation was mainly aimed to understand the
genetics of aroma and certain biochemical characteri-
sation studies such as csterase isocnzymes, lipoxy-
genese enzyme, volatile flavor components, lipids,

fatty acid and amino acid composition studies.
I. Genetic Studies:

In recent ycars, breeding for high yielding
Basmati varieties has assumed national importance
in view of the export potential of thesc rices in
Foreign markets. Varietics like Sabarmati, Improved

Sabarmatl etc., have been bred and released for
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cultivation (siddiq et al 1976). Although they have
high yield potential, they fail to compete with the
typical basmati rices in grain quality. Among the
various reasons ascribed to the failure of breeders
to develop high yielding varieties combining typical
basmati characteristics, the most important is the
lack of information with regard to the genetics of

this trait in different varietics,

The F1 plants of five crosses between scente:
and non-scented varicties, were all non-scented,
suggesting that non-scentedness is dominant. The F2
segregation data showced 3:1 (non-scented : scented)
ratio, and X2 and 'p' values confirmed this segrecga-
tion ratio (Table 3). These observations suggest
that "aroma' in rice is inherited as a monogenic and
recessive character. Earlier observations of Ramaiah
(1937), Dave (1940) and Srinivasan (1941) suggested
that although the sccnted character was monogenic,
it exhibited dominance. & digcnic ratio of 9 scented :
7 non-scented (Ramaiah 1937) and 15 scented : 1 non-
scented (Sriniwvasan 1941, Dhulappanavar and Mensin-

kal -1969) and a trigeneric complimerary ratio of

27 : 37 was reported by Kadam and Patankar (1938) and
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Nagraj ct al (1975), on the contrary to the present
observations. Chakrabarthy (1948) obtained a ratio
of 13 : 3 (non-sccnted : scented) and Dhulappanavar
(1976) suggested that four complimerary genes govern
‘aroma' in ricec. Ghose et al (1960) and Sood and
siddiq (1978), howevcer reported that the scented
trait is inherited as a monogenic and recessive cha-
racter. The déscrepancies of ecarlier workers may be
due to the analysis of aroma from the sccds of F2
plants,which are in fact F3 seceds. Apart from this,
these workers may have suffered from lack of precisec
scoring methods for ‘'aroma' (Ramaiah and Rao 1953).
These workers either chewed the scented grains di-
rectly or boiled them, which might have resulted into
aberrant ratios. In the present study, the scoring
was done by treating the F2 plant material to mild
alkali solution and then observing the aroma (Sood
and Siddiqg 1978), this climinated the errors in

scoringe.

These observations clcarly suggest that due to
monogenic recessive inheritance, the 'gene' governing
basmati qualities, can be successfully exploited in

breeding programmes by using as one of the donorse.
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II. Esterase isoenzymc studies:

In the present study. esterase isoeniyme studies,
in five day old seedlings of thirty scented and six
non-scented rice varieties, suggest that only three
isozyme bands 6, 9 and 10 were common, where as bands
like 8, 11, 12 exhibited difference; among the varie-
ties (Table 4). Mitra et al (1970) studied esterase
isoenzymes of 40 cultivars of Hordem vulgare, and
found that there were nine different types of zymo-

grams, of which two were more frequent.

When the electrophoretic pattern of scented and
non-scented rice varieties were compared, there were
clear differences between the two groups. All the
non-scented rice varieties, had two medium stained
bands, which were absent in all the scented varieties.
These are band 8 (Rf 0.46) and band 11 (Rf 0.63),
whose activity ranged from 2.12 to 3.71 and 3.65 to
5.10 respectively (Table 5 ). Payne and Koszykowski
(1978) in thelr studies on the esterasc isoenzymes
of Soybean cultivars, reported that although there
were no qualitative differences, quantitative dif-

ferences were observed with regard to two isoesterases
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and the cultivars could be identified based on these

differences.

The qualitative differences between scented and
non-scented rice varieties suggest that these differ-
ences could be used as a reliable parameter in charac-
terising scented and non-scented rice varieties, since
the presence or absence of a band and its intensity on
the gel is a reflection of the presence of active

enzyme, which is controlled by the specific gene(s).

Based on these isoenzyme studies it can be assu-
med that, due to the absence of specific isoenzymes
(bands 8 and 11) in scented varieties, some of the
esters might be accumulated only in these varieties.
These accumulated esters may be responsible in the
production of certain volatile flavor components and
might be acting as precursors. On the contrary, in
the non-scented varieties, presence of these isozymes,
may result in the degradation of the particular esters
and probably are not available for the synthesis of

flavor compounds.
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The zymograms were compared among the four cate-
gories of scented rice varieties, such as high and
medium-high scented, medium scented, medium-low scen-

ted and low scented varietiese.

The varieties of high and medium-high scented
group exhibited similar types of electrophoretic pat-
tern, with a few exceptions, and all exhibited a
darkly stained band 12 (Rf 0.65) which was absent in
all other groupse. The activity of this band varied
from 1980 to 40.45 (Table 5). This group was also
characterised by the absence of band 7, which was pre-
sent in medium and medium-low scented groups and
absent in non-scented group. Band 1 (Rf 0.06) which

was present in other groups was absent in this groupe.

The varieties of medium scented group, displayed
similar zymogram pattern. All the varieties had a
darkly stained hand 14 (Rf 0.75) whose activity varied
from 24.36 to 40.75, beside band 1 (Rf 0,06) which was
absent in high, medium-high and medium-low scented
groups. Bands 9 and 10 exhibited slightly reduced
activity when compared to other groups, suggesting

that these bands may be associated with quantitative
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gradation of scentedness. It varied from 8,97 to
15.71 for band 9 as compared to the values of 14,31
to 23,33 of othcr groupse The values for band 10
were 11.54 to 19.64 as compared to the values of

18,67 to 43.74 of other groups.

The varieties of medium=low scented group,
evinced similar types of electrophoretic pattern,
Most of them exhibited a lightly stained band 7
(Rf 0.27) which was absent in high, medium-high and
low scented groups. The activity of this band varied
from 0,57 to 3.51. All these varieties had a lightly
stained band 13 (Rf 0.68), which was absent in high

and medium-high and medium scented groupse.

The electrophoretic pattern studies among dif-
ferent groups of scented rices, suggest that there
are qualitative and quantitative differences between
these groups. Differences in zymogram pattern could
be utilised for characterisation and identification
of the varietices of a particular group. There wecre
qualitative differences in difrferent groups, such as
the presence of band 12 in high and medium~high
grdups and its absence in all other groups, the

presence of band 1 in medium-scented group and its
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absence in high and medium-high, and medium-low
groups, which might be exploited in characterisation
of the varieties. There were quantitative differences
also, of the similar bands in different groups, such
as the reduced activity of bands 9 and 10 in the
medium scented group (Table 5). Esterase isoenzyme
differences among Soybean cultivars, showed that out
of five bands identified (A, -, C, D, E), the acti-
vity of bands A, B, C decreased on storage and hence
they were not used. On the other hand, there was no
variation in the staining intensity of band D due to
storage and it exhibited staining differences which
were used in characterisation of varieties (Payne
and Koszykowski 1978). 1In the present study also,
there were clear qualitative and quantitative diffe-
rences among the varieties and this should help in

differentiating the varieties.,

As described earlier, the non-scented varieties
exhibited the maximum number of bands when compared
to scented’ varieties, Association of decrease in
aroma with the increase in the number of isozyme
bands was an interesting observation. In the high

and medium=high groups, altogether there were 8
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isozyme bands in different varietics and in medium
scented group théré were 9 bands. The varieties of
medium-low and low scented groups exhibited 10 bands
and the non-scented variety showed 11 bands. Thc
presence or absence of ‘a band and its intensity on
the gel is a general reflection of the enzyme acti-
vity (Mitra et al 1970), and it may be assumed that
by the presence of these additional isozyme bands,
the specific esters may not be available for the bio-
synthesis of volatile flavor components. Similarly
the gradual increase of number of bands may have a
role in the ‘'reduction of aroma' in the scented varie-

ties of different groups.

III. Lipoxygenase cnzyme studies:

Quantitative studies of lipoxygenase in the seed
samples of ten scented and two non-scented rice varie-
ties, at different pH levels exhibited the optimum
enzyme activity around pH 8.0 (with the exception of
variety IR 8) (Fig. 3). Similar observations were
recorded by Shastry and Rao (1975) in their study of
lipoxygenase from rice bran, whecre the optimum pH was

845, The activity of the enzyme from the variety IR 8,
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showed on optimal pH of 6, unlike the rest of the
varieties, Yamamoto ct al (1980), in their studies
on lipoxygenase from different japonica varieties,
reporied #n optimal pH of 6.5 and the discrepancies
sovld be va-ietal ard differences between japonica
end indica rices. The exception of IR 8, as observed
in +*he prescnt study could be due to its japonica

backgszound,

An optimal pH of 5.5 was reported for potato
linoxygenase (Pinsky et al 1973) and most workers
found a Lell shaped curve with maximal activities
between bH 7 and 8 for the soybecan enzyme (Siddiqui
and Tavpci 1957). Surrey (1964) reported an optimal
pH of 6 for soybcan meal lipoxvgenase, and the acti-
vity declined sharply towards the acid side whereas
on the alkalinc side it declined gradually upto pH 7

and levellcd off at pH 8.0.

The assay of enzyme extract at different time
intervals viz., 5, 10, 15 and 20 minutes, in the
present study showed that there was an initial increase
in thz velocity which continued upto 15 minutes and

then terminated into a plateau. Similar observations
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were obtained by Surrey (1964{ in studies on the
lipoxygenase of grain flour, wherc there was an incr-
ease in the activity upto 13 minutes and then resulted
into a plateau. These obscrvations were typical of
earlier studies and it can be concluded that the rice
enzyme also belongs to the true lipoxygenase group of

enzymes.

During storage of rice, one of the unfavourable
changes occurring is the devclopment of stale and
objectionable £lavour in the grain. Hexanal, is one
of the major component attributable to the develop-
ment of undesirable flavors in many plant foods. 1In
long term stored ricc kernels, hexanal is also an
important flavor contributor and is presumed to arise
from the decomposition of hydroperoxides of unsatura-
ted fatty acids (Yasumatsu et al 1966). It was shown
by GIC studics that therc was a significant increase
in the hexanal content of stored rice when compared
to fresh rice. As lipoxygenase is implicated with
heme proteins in thc Lydropheroxide production in
many plant systems, it may be desirable to study this
enzyne in rice, since development of stale flavor in

the grain is the limiting factor for having long term






storage objectives.

In the present study, varietal differenccs
were observed when sphecific activities of the enzyme
were comparcd (Table 6). The activities ranged from
40 1> 55 units p:r mo/protein for the scented rice
varieties and from 80 to 85 units per mg/protein for
the non-.scented varieties IR 8 and Tellahamsa. This
shows that all the scented varieties were characteri-
sed by low activitics of this enzyme as compared to
the high activitics of the non-scented varieties.
Since linoleic acid is the precursor for some of the
compounds like hexanal which are responsible for the
production of off-flavors during storage of rice, the:
linoleic acid composition of the different varieties
was also compared (Table 10). Apart from the ten
scented varicties used for lipoxygenase studics, ten
more scented varieties werc used for fatty acid com-
position studies, besides the two non-scented varie-
ties. The comparison of linoleic acid content among
these varieties revealed that the values ranged from
19.07 to 25.54% among scented varietles, whereas the
non-scented varieties had the values of 37.30 to

38.60%, suggesting that there are clear differences
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between scented and non-scented rice varieties, When
the lipoxygenase activity and linoleic acid content
were compared among the varieties, an interesting
correlation was observed. The non-scented varieties
which had the highest wvalues for lipoxygenase acti-
vity also had highest values for linoleic acid con-
ten' (T~ble - 12 ). The scented rice varieties
which had lower values of lipoxygenase, had corres-
pondingly lower values of linoleic acid also, This
is a significant observation as both the linoleic
acid and lipoxygenase are involved in the formation
of volatile compounds which produce off-flavours in
rice during storage. The scheme of degradation for
linoleic acid is shown in Fig. 16., It can be seen
from the figure that the formation of 11-C peroxides
is remarkable and’those of other 8-C and 14-C peroxidecs
are few, Thus formed peroxides are decomposed into
aldehydes by heat, light, metals and radiation etc.,
C3, C5 and C6 aldehydes were proved to be the degra-~
dation products of linoleic acid (Hoffman 1962), Of
these aldehydes, C. aldechyde (hcxanal) was reported
to be the major product. As scen earlier, these

C3, C5 and C6 aldehydes are reported to be present
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TABLE - 12

COMPARISiON OF LIPOXYGENESE ACTIVITY AND LINOLEIC
ACID CONTENT IN DIFFERENT RICE VARIETIES

S1. ] Enzymg Linoleic
NG . Variety activity acid
(units/mg content
protein) (%)
1. Randhunipagalu 52 25.30
2. Godavari Isuka 48 25.54
3. Type 3 48 26,25
4. Pokura 47 19.89
5. Improved Sabarmati 48 25,32
6. NP 119 50 19,93
7. HR 97 40 24.21
8. Ambemohar 53 21,72
9. Basmati Warangal 47 20.08
10. Basmati 427 52 25,42
11, IR 8 81 30.64

12, Tellahamsa 85 33.81
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in higher concentrations when stored rice is cooked.
It can be assumed that these aldehydes are formed as
a result of the degradation®f linoleic acid (Chikubu
197C) o

Since lipoxygenase is involved in the degrada-
tion of unsaturated fatty acids such as linoleic,
l*no.enic, it can be assumed that this enzyme'plays,

a significant role in the liberation of off flavour
in rice during storage, by cataiysiﬁg the production
0. hydroperoxides from unsaturated fatty acids. The
correlation between lipoxygenase activity and linoleic
acid content also lends further evidence to this assum-

ption.

Based on these observations, it is reasonable to
assume that the scentced varieties may have better sto-
rage qualities than the non-scented varieties, due to
the fact that more quantity of linoleic acid coupled
with high levels of lipoxygenase activity result in the
production of off flavours more rapidly. Further stu-
dies on the characterisation and positional specifie
city of the enzyme reaction are necessary to under-
stand the role of this enzyme in the production of

off flavours in rice,
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IV. Volatile flavour components:

The observations on the quantitative estimation
of volatile flavour components are summarised in
Table 7. The scented rice varieties had higher mean
values of volatiles than the non=-scentcd variecties
and the values werc statistically significant (Table 8).
These observations clearly suggest that scented rice
varieties have significantly higher amounts of vola-
tile flavour components than non-scented varieties and
the pleasant aroma of scented rices is due to the pre-
sence of higher quantities of volatile flavour compo-
nents, This was also proved by the fact that the con-
centrates of volatiles from scented rice varieties
exhibited the typical ‘'basmati' aroma. These observa-
tions on the quantity of volatiles from scented and
non-scented varieties revealed that there are diffe-
rences in this respecct, amoné'indica' and 'japonica'
rices. Yazima et al (1979) reported an yicld of only
0.9 ppm. from the scented japonica variety. The varie-
ties studied in the present investigation gave an yield
of 10.43 mg/kg to 33.80 mg/kg of cooked rice, suggesting
that, there are inherent differences with respect to
the quantity of volatiles between indica and japonica

ricese.
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The comparision of mean valucs of volatiles
among scented rice varieties, with known gradation of
scent such as high,medium and low scented varieties
is shown in Table 9. ' The differences were statisti-
cally significant as cvidenced by the 't' values,
These results reveal that even among the scented varie-
ties, there exists a clcar difference in the quantity
of volatiles and there is correlation between the
degree of aroma and the quantity of volatiles, These
observations suggest that, based on the quantitative
studies of wvolatiles, we can distinguish different

varieties with various degrees of aroma,

The analysis of volatiles from the variety
Randhunipagalu' in a Gas Chromatograph equipped with
a device to observe thé small of the separated frac-
tions, showed that a small peak in the initial stages
of the chromatogram might be responsible for the
"Basmati flavour (Fig. 6)e. The separated fraction
representing this peak gave a sharp odor and all the
evaluators recorded that the flavour was that of the
typical 'basmati' aroma., Other flavors observed were
that bf earthy, soily and naphthalene like, These

observations show that the compound responsible for
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the basmati flavour lies in the early stages of the
chromatogram and its concentration. is also very low.
Tsuzuki et al (1975 a), found that most of the flavour
components are observed within five minutes of the
retention time and concluded that fragrant compounds

melt out at a very low temperature.

The analytical GLC studies of volatiles from
four scented and one non-scented varieties (Figs.7..11)
exhibited the presence of 17 to 19 peaks. There were
no qualitative differ;nces among the wvarieties, and
only the heigﬁt of certain peaks such as 1, 2, and 6
varied between the varieties. Tsuzuki et al (1975 a)
in their GLC studies of the flavour components of
three scented and one ordinary variety, found that 19
peaks were present in every variety. After testing the
flavour components at various time intervals, they
concluded that as the cooking duration increases, each
peak becomes prominent. It was observed that varia-
tion in the height of certain peaks exist and only
quantitative differences were present between the varie-
ties., Hayashi (1974) also showed that there were no

qualitative differences between the scented and ordi-

nary rice. .Tsuzuki et al (1975 b) did not find any
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differences in the carbonyl compounds between scented
and ofdinary rices, by TIC and GLC studies of 2, 4,
DNP derivatives, After comparing the varieties by
Co=chromatogram method, they observed that there were
no qualitative differences between the varieties and
concluded that scented varieties had higher carbonyl
compounds than the ordinary variety. In the present
study also, there were no qualitative differences and
only certain quantitative differences were observed,
In all the scented varieties, the separation was more
clear and prominent in the initial stages of the chro-
matograms (upto 10 minutes) as compared to the non-
scented variety where the peaks in this region were
not well separated. In the scented varieties, peaks
1, 2 and 6 are more in height and quantitatively lar-
ger than in the ordinary variety. This pattern was
more clear in the case of peak 6, which was the tal-
lest peak in the scented varieties, while it was pre-
sent only as a very small peak in the non-scented
varietys These observation coupled with that from

- the GIC pattern with the aroma of the separated frac-
tioqs (Fig. 6),. suggest that the compound responsible

for the basmati flavour is present in the initial
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stages of the chromatogram and it could be peak 6.

The presence of peak 6 in larger quantity in the scen-
ted varieties further testifier this. The major
peaks such as 12, 13 ... 18, which are present in all
"the varieties as large peaks, could be the compounds
responsible for the cooked rice flavour as this fla-

vour is common to all the varieties,

V. Lipidg and Fatty acid composition studies:

TLC studies of the extracted lipid samples from
twenty scented and two non-scented varieties showed
that there were no class differences in the varieties
(Fig. 12). The intensities of the fraction 'free
fatty acid' varied in some varieties and it was less
intense in varieties like Basmati-370 and Jaya etc.
Rao and Bandyopadhyay (1975) in their studies on the
changes in lipids during banana ripening, showed that
the TIC pattern of the lipids was identical in both
the varieties during various stages of ripening. The
observations on rice lipids also show that there are
no qualitative differences among the different varie-

tiese. %
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The fatty acid composition was studied by GIC
and this showed the presence of cight fatty acids in
all the varieties, suggesting that there were no
qualitative differences between the:varieties (Table 10).
Lee et al (1965) and Resurreccion and Juliano (1975),
in their studies on the fatty acid composition of
different rice varieties, found that the major compo-
nents were palmitic, oleic and linoleic acids. Resur-
reccion and Juliano (1975) found lauric acid from mil-
led rice which was absent in the present study. When
the fatty acid compositions were compared to the values
reported by these workers, there were slight discre-
pancies in them, Resurreccion and Juliano (1975) re-
ported that linoleic acid was 46.1 and 45.2% from mil-
led rice samples and oleic acid was about 22.6 to
23.1%. In the present study, the values ranged from
19.93 to 33.81% for linoleic acid and 37.30 to 49.26%
for oleic acid, showing that the quantity of linoleic
acid was less and the quantity of oleic acid was more
in these varieties. These differences could be due to
varietal, soil and climate differences. Yasumatsu and
Moritaka (1964) showed tﬂ;t the soil, climate and sto-
raéé temperature had an effect on the fatty acid com-

position, of two Japanese rice varieties.
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There were.quantitative differences in the com-
position of certain fatty acids among the varieties.
In all the scented varicties, the quantity of oleic
acid was higher when compared to non-scented varic-
tiese It ranged from 44.17 to 49.26% in the scented
varieties, while it was only 37.30 and 38.6% in the
non-scented varicties. Similar varietal differences
were found in the banana pulp lipid, where one variety
had higher quantity of linoleic acid than other variety
(Rao and Bandyopadhyay 1978) . These observations sug-
gest that the presence of oleic acid in higher concen-
tration in the scented varieties may have a role in
the production of wvolatile flavour compounds, since
oleic acid is known to be one of the precursor for thecse
compounds (Tsuzuki et al 1975 a). The presence of
oleic acid in higher quantity may lead to the produc-
tion of volatile flavour components also in higher
concentration and thus resulting into one or some of
the components responsible for ‘'basmati' aroma, Till
this date, no qualitative differences have been found
between the volatile flavour compounds of scented and
non-scented rices, except that of l-pyrrolidine (a
degradation product of the amino acid proline) which

is present in scented rice only (Yazima et al 1979).
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These workers concluded that the differences in the
aroma of scented and ordinary ricecs are due to fhe
difference in the balance or proportion oif the vari-
ous VOlétile flavour components, and found that the
scented variety had more quantity of indole than ordi-
nary rice variety and the latter contained more amounts
of n-hexanol and n-hexanal. Based a these observations,
it can be assumed that the presence of oleic acid in
higher concentration in scented rices as found in the
present study, has a definite role in the production

of wvolatile flavour components responsible for the

basmati flawvour,

VI. Amino acid composition studies:

Amino acid composition studies in twelve scen-
ted and one non-scented variety, showed a wide varia-
tion for most of the amino acids among the different
varieties (Table 11). Glycine, aspartic and glutamic
acids had the highest values of variation. Among the
essential amino acids, lysine exhibited maximum varia-
bility, followed by valine, histidine, threonine and
methionine, These observations are in contrast to

those of Houston et al (1969) who obtained little
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variation in the essential amino acid pattern of

‘milled rice samples,

The quantity of proline was higher in all the
scented varieties than in non-scented variety (Fig.14).
These observations suggest that, proline might be act-
ing as a precursor to some of the volatile flavour
components such as l-py;rogid%ne, which is formed by
the degradation of prolb'é;' This compound was shown
to be present in the volatile flavour componenté %i“
scented rice (Yazima et al 1979). Since aroma results
from the interaction of different types of compoun&s
present. in different conceﬁ%rations, higher concen-
tration of proline might be producing more amounts of
flavour components which have a role in the production
of 'basmati' aroma. Alanine also was present in higher
amounts (Fig. 14) in the scented varieties., Alanine
is also one of the precursors for the flavour com-
pounds such as Aéetaldehyde which has been recported
in rice, .arising due to Strecker's degradation on
heating with sugars (Table 13) s The presence of ala-
nine in higher concentration in the scented varieties
suggests that during cooking this amino acid might be

degraded, to produce the flavour components, which by






TA__BLE 13

: .. . Amino acids as- precuraor
Aldehydes in rice in the Strecker degradatxon

Acetaldehyde - - . ~ Alanine -
CH,CHO. = CH,—CH—COOH

- NH,
- - Cysteine .
" HS-CH,~CH-COOH
T
Cystine
. S-CH,-CH-COOH

| N,
S—CH.—(':H—COOH
" NH,

Propionaldehyde - a-Amino butyric acid
CH,-CH,-CHO - CH,—CH,—CH-COOH

{
NH’ )
n-Valeraldehyde - Norleucine

CH,-CHs~CH,;-CH,-CHO CH,-CH,~CH,CH,—
. CH-COOH

|
n-Caproaldehyde : .Ad-Am!no heptylic acid

CH.-CH —CH -CH .~ ' CHy~CH,-CH,~CH,—
okt CH;:CHO' - cni-cu-coon

'P&H‘:
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interacting with other flavour compounds may have

a role in the formation of 'bagmati! aroma.

The essential amino acid composition of the
‘varieties was compared to that of the FAO recommended
values (Fig. 15). For limiting amino acids, 1like
lysine, most of the scented varieties had comparable
values with the recommended values and one variety
Type-3 even exceeded this value. The other varieties
including the non-scented one had lower values, For
methionine, all the scented varieties had higher
values than the non-scented one and were comparable
t0 the FAO values, while the non-scented variety had
lower wvalue than this, For leucine content, almost
all the varieties had higher value tham FAO values,
while for isoleucine content all the varieties had
lower values than the recommended value, For threo-
nine content, all the varieties with few exccptions
had comparable value with that of FAO value and the
varieties, Randﬁunipagalu, Type=3 and Bindli exhibited
maximum values for this. For wvaline content, varie-
ties Randhunipagalu, Type-3 and Basmati-=370 had the
highest values and for pheylalanine content, all the
varieties exceeded the FAO standards and Type-3 had
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highest value for i¢ followed by Randhunipagalu,
SO=19 etc.

These observation on the essential amino acid
composition of scented varieties, clearly suggest
that these varieties have superior nutritional quali-
ties duo.fn"their high essential amino acid compo-
sition. In view of this, some of these varicties
could be successfully utilised in the breeding of
varieties combining basmati qualities coupled with
better amino acid composition. Varieties like Typae-3,
Randhunipagalu and Basmati-=370 which exhibited highest
values for most of the cssential amino acids in parti-

cular could be utilised for such programmes.
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SUMMARY

The present study deals with various aspects
of scented (basmati) rices, like genetics of 'aroma’,
biochemical studies involving esterase isoenzymes
and lipoxygenase enzyme, volatile flavor components,

lipids, fatty acid and amino acid composition, etc,

The genetics of 'aroma' was studied among the
segregating material of five crosses involving scented
and none-scented varieties and a cross involving scented
varieties. In crosses with scented and non-scented,
the F, plants werc all non-scented and the F2 plants
segregated into scented and non-scented and the F2
data fitted in the monogenic ratio of 3:1 (non-scented:
scentéd), whereaé the F; and F, plants in the cross
involving scented, were scented. These observations
suggest that 'aroma' in rice 1s governed by a single

recessive gene,

Esterase isoenzyme pattern was studied in 5
day old seedlings of thirty scented and six non-
scented rice varieties. Non-scented rices had two

specific bands, band 8 (Rf 0.,46) and band 12(Rf 0.63),
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which were absent in all the scented rice varieties,
Among the scented rice varieties, therc were diffe-
rences in the zymogram pattern and were groupecd
under four categories. These observations support
that esterase isoepzyme pattern may be helpful in

characterisation of scented and non-scented wvarieties,

Lipoxygenase enzyme was studied quantitatively
in ten scented and two non-scented rice varicties and
was tested at different pH levels viz., 5,6,7,8,9 and
10, to know the optimum pH for its activity. All the
varieties except IR 8 exhibited the optimum activity
at pH 8, whereas IR 8 had the maximum activity at
pH 6, which could be due to the variectal differcnces,
The enzyme activity was alsoc studied at different
time intervals and these kinetic studies exhibited
similar patterns typical to lipoxidase. The scented
rice varieties generally had lower values of specific
activity ranging from 40-50 units/mg. protein and the
non-scented varieties had the values of 80-85 units/
mg. protein suggesting that scented rice varieties
posses better storage qualitics as this enzyme is
mainly responsible for the production of off-flavors

during storage.
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The quantitative estimation of wolatiles in
eight scented and two non-scented varieties showed
higher mean values of volatile flavor components in
scented compared tO non-scentcd varieties, and were
statistically significant. The mean values between
varieties with known gradation of scent, i.e., highly
scented varieties vs. medium and low scented varie-
ties and medium vs., low scented varieties were found
to be statistically significant. These observations
suggest that the scented rice varieties exhibit signi-
ficantly higher amounts of volatiles and variation

exists based on the nature of aroma.

The concentrates of volatiles from scented varie-
ties were studied by GIC and the variety'Randhunipagalu'
in a Gas chromatograph equipped with a device to smell
the separated fractions, showed that the 'basmati
flavor' was coming in the initial stages and that the
quantity of the compound was very low. The concen-
trates of volatiles from four scented rice varicties
and one non-scented variety were subjected to analy-
tical GIC, The chromatograms showed total number of
17=19 peaks. Although there were no qualitative diff-
erences among the peaks, the péaks in the initial phase
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of the chromatograms of the scented were more prominent
and quantitatively larger. Peak No. 6 was predomin nt
in all the scented rice varieties and was present only
as a small peak in non-scented variety. These obscr-
vations further suggest that the actuél compound res=-
ponsible for the 'basmati' flavor in the scented rice
varieties 1s very low and peak No. 6, could be tt .

compound responsible for the aroma in these varieties,

Lipids and fatty acid composition was studied
in twenty scented and two non-scented rice variecties
and these samples werc subjected to TIC. The prele-
minary observations suggest that there were no major

differences among the varieties studied.

Fatty acld composition studies revealed the
presence of mvristic, palmitolecic, stearic, palmitic,
oleic, linoleic, linolenic and arachidic acids in all
the varieties, There were no qualitative differences,
but the scented rice varieties showed higher quantity
of oleic acid compared to non-scented varieties which
varied from 44.17% to 49.26% in the scented as com-
pared to 37.3% and 38.,6% in non-scented. As fatty

acids are one of the precursors for wvolatile flavor
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components, the prescncde of oleic acid in higher
qﬁantities may be due to its active involvement in

bicsynthesis of volatiles,

Amino acid composition studies with twelve
scented and one non-scented varieties showed wide
variation for most of the amino acids, Proline, and
alanine which are known to be the precursors for
certain volatile flavor components, were present in
greater Quantities in scented varieties than in non-
scented ones.. Thce essential amino acid pattern was
compared among different varieties with that of FAO
standards, Lysine, methionine, leucine, isoleucine,
and threonine exhibited higher wvalues in scented than
the non-scented, and werc comparable to that of FAO
recommended values., Varieties like Type-3, far exceeded
this value. These observations suggest that, most of

the scented varietiecs have superior aminograms.

The present studies clearly suggests that due to
simple monogenic inheritancc of scentedness and with
identifiable biochemical parameters, the varieties in
desirable background can be developed and improved for
greater yleld for commercial utilisation as if to con-
firm the Darwin's statement 'Hard cash is a good cri-

terion of genetic superiority' (Brewbaker 1964 ),
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