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lntroduction ond phytoses hove oftrocted interest in
nutrition mostly owing to their relotionship on
minerol obsorptions.6. The nutritionol
contribution of the plont foods could be
significontly increqsed, if the phytotes in these
foods were reducedT.

During storcge, cl number of enzyme
linked biochemicol chonges occur such os

chonges in cooking properties, textuol
properties, posting properties, nutrient
composition, flovour eic. Asotsumo et oF
generoted o series of tronsgenic rice plonts

with suppressed expresion or over expresion
of a-omylose, Peroxidose octivity in stored
rice groins lost ropidly ond is olso reloted to
storoge temperoture, durotlon ond cultivore.

Liposes ond lipoxygenose olso contribute in
oscertolnlng rice quollty ond result in
conslderoble deterlorotion in toste ond
flovour in cooked ond roncld odors in row

rice grolns. This study reports chonges in

oromo ond octivitles of phytose, peroxidose,

omylose ond llpose in eightbosmotiond fotrr

non bosmotl rlce genotypes roised ot
regionol rice reseorch stotlon, Koul (KoithoD

of the university during 2003.

Rice (Oryzo sotivo l,) occupies the
envioble prime ploce omong food crops.
lncreosing productivity ond sustoined
production of rice ore criticol for food ond
nutdfionolsecurity. Rice is consumed lorgely
in the cooked form ond is oiso nutiltious ond
hypoollergenic which moke rice products
stople food ingredients, lt is olso used in mony
volue odded products due to sorne of its

unique functionol properties such cs flovour
corrying copocity ond hypoollergenity. lt is o
common proctice to oge the freshly
horvested rice of leost for six months before
consumption. Storoge induced oging hos

both desiroble ond understoble offects on the
endproducts, depending upon storoge
conditions ond rice vorietyi, Bosmoti dce is
globolly reputed oromotic group of rice ond
hos been very populor ond commond
premlum price in domestic os well os in
lnternotlonol moket, ln bosmoti dce,2ocetyl-
l-pyrroline olong with other oromotic
compounds ore responslble for scent.
lnheritonce of scent is reguloted by different
genetic interoctions in oromotic rice In
colloborqtion with environment2{, Phytotes



Mabrials and Methods

Poddy seeds of bosmqli rice genotypes

nomely Horyono Mehok, HKR-9&476, HBC-I 9,

CSR-30, HKR-228, IET- 
,l 
8m4, Super bosmoti,

Puso Sugondho ond non-bosmoti nomely

Govind, lR-64, HKR-]26, HKR-47 were
procured from CCS Horyono Agriculturol

Univenity, Regionol Rice Stcrtion, Koul (Koithol)

during December,2003. The somples were

dehusked ond polished uniformly utililng the

locolfocilities ovoilable, The rice groins were

cleoned for dust, stones, broken seeds ond

other foreign moteriols. One kg somple of

eoch rice genotype wos fu migoted in oir tight

circulor steel contoiner of 20 kg copocity with

onetoblet of oluminium phosphide for3 doys

os perthe instrucfions mentioned in pockoge

of proctices of Horyono Agriculturol
University, Hisorrc, Rice groins (25@l of ollthe
genotypes were stored in the dork for one
yeor of room temperoture. During one yeor

of oging, rice somples were removed ofter

four, eight ond 12 months. Fresh ond oged

somples were ground to poss 80 mesh sieve

hoving 0.2 mm porticle size using Udytec

cyclone somple mill. Rice oromo wos

determined os perthe method described by

Mohindrulr ond results ore expressed os

volotile reducing substonces Qr'RS) in terms of

mg KMnOo/'l009 dry weight, Activity of

omylose wos monitored by the method of

Bernfield'2 ond of phytose bythe method of

Helnonen ond Lohtir3, Peroxidose ond lipose

were ossoyed by using the methods of
Summer ond Glesingt4 ond Sodosivom ond
Monickomrs respectively.
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Besults and lllscuselon

lotatite ndadng sabfines

Toble I summorlses the oromo of elght
bosmotl ond four non-bosmotl rlce of fresh

ond 4, I ond 12 months of storoge. The oro{no

hos been expresed os VRS whlch is defined
os mg KMnoo required to oxidize oromo
releosed by l0g dce. During storoge, the
moximum reduction in VRS volues wos
recorded ofter 4 monfhs of storoge ond with
progress of oging,the reduction in oromq wos

comporstively less. IEI-I 8&4 retoined higher

VRS volues throughout storoge period thon
the remoining genotypes. Among non-
bosmoti types; Govind exhibited higher VRS

volues throughout the oging period. After
eight months of oglng VRS volues differed
significontly from eoch other ln both
genotypes. Horyono MeHok, IEI-18004 ond
Puso Sugondho retoined higherVRS content
os compored to remolnlng genotypes,
Mohindrurt reported different VRS

concentrotion vorying from 73.9 to 95,2 for
bosmoli, @ , 2 for Dubro, 7l .6 for Chinor ond
35.4 for non scented. The present results ore

rnore or less in conformity to obove volues,

The discgreement of results in rest of
genotypes moy be ottributed due to
differences in genetic moke up of reseorch

mqteriol ond vorious ogroclimqtic conditions
provided to cultivcrte the crop. The present

trend of decline ln oromo dudng storoge of
bosmotiOoOte l)is olso belngsupported ond
outhenticotedr6,rT. During storoge, the
desiroble volotlle substonces breok down
ond diftuse out of rlce groins to the exient of
@ 50 per cent lnfo the enMronment thot olso

lends support to the present resultsrs. Ihe
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TABTE I

Ellect ot Aging on uolatile Reducing substances (mg kmno./l00g) ln Basmati and
Non-Basmati Rice Genogpes

Genotype 12 months stored

Basmati

Haryana Menak

HKR-98-476

HBG-19

HKR-228

tET-1 8004

Super basmati

Pusa sugandha

CSR.3O

Mean

Non-basmati

Govind

tR-64

HKR-1 26

HKR-47

Mean

Mean

(Basmati and non-basmati)

SE (m)

CD at 5%

* 
Each value is an average of two estimations

oromo is governed by number of genes3

which is different in individuol genotypes ond
olso its expresion isthe otrtcomeof genotype
environment interoction2. Yoshihoshi et ol.1e

reveoled thot storch bound form ond free
forms of 2 ocetyl- pyrroline moy occur in
oromotic rice ond its biosynthesis before
storch formotion in rice kernelcould ploy o
keyroleinthe oromo quolityof oromotic rice.
After 12 months of storoge Horyono Mohok
ond Govind retoined higher VRS volues in
bosmoti ond non-bosmoti genotypes,
respectively. The differenfiol releose ond loss

of oromo in stored rice moy indicote its

66.97 t 1.59

50.33 t 2.04

51 .93 t 1,26

50.33 t 2.04

66.33 t 2.04

58.95 t 1.41

58.65 t 1.30

56.41 t 1.80

57.48

12.65 t 0.'15

11.35t0.15

1 1.51 t 0.01

10.75 t 0.05

11.57

42.18

23.22

2.38

complexing with stqrch ond/or it is being
stobilized by some other cellulqr metobolites
thot remoins yet to be investigoted.

Phybse adifity

Chonges in phytose octivity fofloWng
rice oging ore presented in Toble ll. Among
bosmsti genotypes, the moximum phytose
octMitywos noticed in HBC-19 (.|2.57 p moles
Pi releosed /g rice groin) ond minimum in
Horyono Mehok (10.92 pmotes Pi reteosed/ g
dce groin). HKR-98-426, HKI?-228 ond super
bosmoti ottoined olmost equol phytose
octivity. Similorly HKR-47 ond Govind showed

Fresh 4 months stored 8 months stored

72.73 t2.04
61.53 t '1.26

65.37 x1.42

63.13 t 2.04

74.33 x3.44

66.97 t 1.59

72.73 x2.04
67.93 t 3.44

68.09

32.00 t 0.00

27.20 x1.60

27.20 *A32
24.00 t 1.60

27.60

54.59

20.37

3.37

72.73 x2.A4

56.09 t 1.59

59.93 t 2.04

56.73 x2.04
76.03 t 1.96

62.73 x2.37
71.13 x 1.26

66.93 t 1.61

65.28

24.00 t 1.60

16.00 t 0.00

15.90 t 1.10

14.72 t 0.00

17.65

49.41

24.32

2.73

69.53 t 2.04

52.57 t1.42
54.81*2.04

55.77 x1.42

71 .45 t '1.30

61.53 x1.42

67.93 t3.44
60.57 t 1.59

61.77

12.40 x0.40

12.65 t 0.15

14.00 t 0.00

12.60 t 0.20

12.91

45.48

24.73

2.71



Basmat

HaryanaMenak

HKR-98-476

HBC-19

HKR-228

lEr-18004

Super basmati

Pusa sugandha

csR-30

Mean

Non-basmati

Govind

tR-64

HKR.126

HKR47

Mean

Mean

(Basmati and non-basmati)

SE (m)

CD at 5%

t 
Each value is an average of two estimations

identicol volues but higher thon lR{4 ond
HKR-126. Resufts olso evinced thot phytose

octtvtty increored moximum upto four months
of storoge ond offer eight months of storoge,
the en4yme oct'vity remoined olmoststqtic in

ollthe genotypes. ln fresh ond ofter4,8 ond
12 months the meon volues for bosmoti
rice were Il.7l, .l3,09, 

12,89 ond 12.64

respecfively ln comporison to 12.01, 15.15,

14.87 ond 15.01 ln non-bosmoti dce. The

decline ln phytlc ocid levelduring storogeof
rice eodler mentloned lndlrectly supports the
present results thot rice groin exhlbit phytose

octionr7rD23.

12.14 t 0.08

12.43 t 0.08

12.34 t 0.13
'12.31 r 0.04
'12.54 t 0.06

12.37 x0.04
'12.48 t 0.10

14.53 t 0.02

12.64

14.97 x0j2
14.60 t 0.08

15.08 t 0.15

15.38 t 0.30

15.01

13.43

1.33

0.22

Perodirase aclittV

The peroxidose octivity showed regulor

groduol decreqse in 4, I ond 12 monthsstored

rice, however reduction in octivity wos much

more omong non-bosmqti dce os compored

to bosmoti rice Ooble lll).Ihe overollmeon
volues ln fresh 4,8 ond l2 monfhs stored rlce

were L22, O.99,'O,52 ond 0.36 units mg'r
proteln. IEI-I8004 ond super bosmoll omong

bosrnqtiond GoMnd ond HKR.47 omong norr
bosmoti exhiblted ldentlcol volues for this

enzyme, Peroxldose ls o key enzyme

SOOD, D.R., SINGH, A.P,,GI'PTA, K.R. AND SHILPA

TABLE II
lnltuence ol Storage Period on Phytase Aclivi$ (pmoles Pl released/g grain) ln Basmali and

ilon-Basmatl Rlce Genotypes

Genotype 12 months storedFresh 4 months stored 8 months stored

10.92 t 0.07

1'1.40 t 0.21

12.57 t0.07
11.63 t 0.14

10.98 t 0.11

11.94 t 0.07

12.16 t 0.18

12.09 t 0.09

11.71

12.25 t 0.1 5

1 1.40 t 0.1 0

11.91 t 0.10

12.49 t 0.15

12.01

11.81

0.55

0.21

12.82x0.04

12.17 t 0.16

I 2.96 t 0.07

13.67 t 0.04

14.24 x0.21

12.40 t 0.18

12.23t0.22

14.26 x0.02

13.09

15.90 t 0.08

14.77 x0j9
15.32 t 0.09

14.60 t 0.06

15.1 5

13.78

1.26

0.25

't2.06 t 0.03

12.3'l t 0.08

12.28 t0.07
12.43 t 0.05

14.84 t 0.06

12.63 x0.12

12.26 t 0.09

14.32 t 0.03

12.89

14.84 x0.12

15.07 t 0.03

14.84 t 0.06

15.11 t 0.06

14.97

13.58

1.33

0.12
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TABLE III
lnlluence ol Storage Period on Specilic Activity ol Peroridase (units mg{ protein)* ln Basmati

and llon-Basmati Rice Genotypes

Genotype 12 months stored

Basmati

Haryana Menak

HKR-98-476

HBC-19

HKR-228

rET-18004

Super Basmati

Pusa Sugandha

csR-30

Mean

Non-basmati

Govind

tR-64

HKR-126

HKR-47

Mean

Mean

(Basmati and non-basmati)

SE (m)

CD at 5%

* 
Each value is an average of two estimations

involved in l?OS (Reoctive Oxygen Species)

scovengingond involved in protection of dce
groin ogoinst ROS qttock dudng storoge3. The

oging induced decline ln peroxide oclivity is
linked tci decreosed freshness of ricee.z4.

Anylase aelfulty '

Specific octiMty of p-omylose voried
from 1.90 (HBC-19) lo 2.72 (Puso sugondho)
ond overog ed to 2.24 intresh bosmoti ond in
non-bosmoti from l.3l (HKR-126) to 2.31

(Govind)ond werogedto L73 Ooble lV). ln
generol p-omylose octivity wos higher in
bosmoti ricelhon non-bosmoti during oging
ond itdeclined with o<$voncement of storoge

0.37 t 0.01

0.52 t 0.01

0.29 t 0.02

0.33 t 0.02

0.49 t 0.01

0.42t0.02
0.28 r 0.01

0.27 t0.01

0.37

0.30 t 0.01

0.41 t 0.01

0.29 t 0.01

0.36 t 0.02

0.17

period. The moximum decline observed wos
upto 4 months ond olso between 8 ond 12

months of storoge period, Apprecioble
decreose in omylose octiMty dudng storoge
in bosmqti ond some fine vorieties wos olso

mentioned eorlier2s.

Llpase actitity

The results mentioned in Toble V
reveoled very slight ond feeble lipose octivity
in fresh ond stored dce. Some genotypes both
in bosmqtiond non-bosmqti did not reveol-
ony lipose octivity in fresh os well os in four
months oged rice. Chemicol chorocteristics
of lipids ond ossocioted enzyme ocfiMties

0.36

0.09

0.03

8 months storedFresh 4 months stored

1.23 t 0.08

1.22x0.07

1.23 t 0.08

1.10 t 0.08

1.25 t 0.07

1.25 t 0.07

1.16 t 0.08

1.11 t 0.07

1.19

1.37 t 0.08

1.19 t 0.07

1.13 t 0.07

1.36 t 0.08

1.26

't.22

0.09

0.13

0.96 t 0.06

1.09 t 0.06

1.03 t 0.06

0.81 r 0.06

0.82 t 0.06

1.17 t 0.06

0.96 t 0.06

0.74 t 0.06

0.95

0.98 t 0.06

0.90 r 0.06

0.74 t 0.06

0.92 t 0.06

0.89

0.93

0.13

0.11

0.50 t 0.03

0.58 t 0.03

0.45 t 0.03

0.42 t 0.03

0.64 t 0.03

0.56 t 0.03

0.71 t 0.03

0.38 t 0.03

0.53

0.61 t 0.03

0.44 t 0.03

0.51 r 0.03

0.42 t 0.03

0.50

0.52

0.10

0.05
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TABTE IV
lnlluence ol Storage Period on Specilic Actiyity ol ftAmylase (mg maltose realsed mg''

Protein)' ln Basmali and llon-Basmati Rice Genotypes

12 months storeo

418

Basmati

Haryana Menak

HKR-98-476

HBC-19

HKR-228

rET-1 8004

Super basmati

Pusa sugandha

csR-30

Mean

Non-basmati

Govind

tR-64

HKR.l26

HKR.47

Mean

Mean

(Basmati and non-basmati)

SE (m)

CD at 5%

" Each value is an average of two estimations

chonges during storoge resutt ln offecflng the
morketvolue of rlce grolns. Sourcesof llposes

could be endogenous, however micro
orgonisms populoting in stored rice olso

eloborote liposes leoding to hydroly$s of lipids

ond enzymotic oxidcrtion of fotty ocid by lipo

oxygenose. Lipose octivity wos eorlier
visuol2ed in ocrtbutenzyme did notindicqte
substrote specifi city26.

Summary and Gonclusiott

Eight bosmoti ond four non{osmqti dce
genotypes were evoluoted for oromo ond

1.13

1.21

0.06

endogenous octivtties of phytose, pero{dose,

omylose ond lipose durlng one yeor of
storoge. Aromo in rlce decreosed groduolly

with progress of ogeing. After ollthe storoge
periods, moximum VRSvolues were observed

in Horyono Menok ond minimum in HKR-98-

476. Bosmoti rice genofypes in generol
posessed higher omylose octivity thon non-

bosmoti types ond octivity declined with
progress of ogeing. Peroxidose octivity
showed regulor declining t'end ond reduction

in specific octiMty wos much greoter in non-

bosmqti lhon bosmoti types. Phytose oc,tivity

2.08 t 0.05

1.81 t 0.04

1.57 t 0.04

1.67 t 0.08

1.83 r 0.04

2.11 t 0.04

1.99 t 0.04

1.79 t 0.04

1.86

1.07 t 0.02

1.64 t 0.02

0.86 t 0.02

0.97 t 0.02

1.34 t 0.02

0.93 t 0.02

1.15 t 0.08

1.37 t 0.03

1.16

1.21 t 0,04

0.74 t 0.02

0.99 t 0.02

1.24 x0.02

1.05

2.12x0.04

1.65 r 0.04

1.38 t 0.04

1.04 t 0.04

1.55

1,76

2.13

0.08

Fresh 4 months stored 8 months stored

2.32 t 0.06

1.81 t 0.06

1.90 t 0.06

2.09 t 0.06

2.28 t 0.06

2.45 t 0.06

2.72x0.07

2.31 r 0.15

2.24

2.31 t 0.09

1.72 t 0.06

1.31 t 0.06

1.56 t 0.06

1.73

2.07

2.31

0.12

1.81 t 0.05

1.78 t 0.07

1.44 t 0.05

1.85 t 0.05

1.74 t 0.05

1.37 t 0.05

1.52 t 0.05

1.93 t 0.05

1.69

1.71 t 0.05

1.46 t 0.05

0.83 t 0.05

1.07 t 0.05

1.27

1.54

1.71

0.09
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TABTE U

lnlluence ol Storage Period on Lipase Activity (meq/min/g grain)' tn Basmati and Non-Basmati
Rice Genotypes

12 months stored

Basmati

Haryana Menak

HKR-98-476

HBC-19

HKR.228

IET-18004

Super Basmatl

Pusa Sugandha

csR-30

Non-basmati

Govind

tR-64

HKR-126

HKR-47

Mean

SE (m)

CD at 5%

ND : Not detected
* 

Each value is an average of two estimations

peoked upto four months ond thereofter it
remoined more or les stqtic. Ihe non-.bosmqti

rice exhibited comporotively higher phytose

0.002 t 0.00

0.002 t 0.00

0.003 t 0.00

0.003 t 0.00

ND

0.003 t 0.00

0.002 t 0.00

ND

0.002 t 0.00

0.004 t 0.00

0.003 t 0.00

0.005 t 0.00

0.002

0.001

0.001

ocfivity thon tteir counterports. Both in fresh

ond stored rice, very feeHe lipose ocliMty wos
recorded.
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