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Introduction

The genus Capsicum belonging to the family

Solanaceae has five species viz., Capsicum annuum,

C. baccatum, C. chinense, C. frutescens and C.
pubescens. However, C. annuum is the most

traded, which has two types, one is ‘paprika’-
defined as a ground, red powder derived from
dried fruits with the desirable colour and
flavour qualities and other one is with pungent
fruits called ‘chillies’ (Berke & Shieh 2001). In
India, there are a few indigenous types of
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chillies, which are akin to paprika with fruits
having high colour and low pungency such
as ‘Byadagi chilli’ grown in Dharwad district
of Karnataka state and Warangal Chappatta
(Tomato chilli) grown in Warangal and
Khammam districts of Andhra Pradesh, which
are identical in quality to paprika types that
are grown in Spain and Hungary (Shiva et al.
2006, 2008). These chillies are much preferred
by oleoresin manufacturers for extraction of
paprika alike oleoresin (John 2000). The present
investigation was aimed at studying the
biochemical constituents and isozymes of leaf
and analyzing its relationship with that of
colour value of the fruits of chillies and paprika
like chillies and grouping the accessions based
on similarities existing among them.

Materials and methods

Twenty-four paprika like chillies i.e. Indigenous
Collections of Byadagi Dabbi (ICBD) accessions
and other types collected from various sources
(Table 1) and maintained at Indian Institute of
Spices Research, Kozhikode, Kerala (Table 1)
were selected for the study during 2007–09. The
plants were maintained in pots under rain-out
shelter with uniform cultural practices.
Youngest fully matured leaf samples were
selected for the study. Biochemical constituents
such as total carbohydrate, starch, reducing
sugar, total free amino acids, protein and
phenols and SDS-PAGE in leaf tissue were
estimated following the standard methods as
described by Sadasivam & Manickam (1991).
Leaf samples prepared in phosphate buffer pH
7.1 were used for separating the isozymes of
peroxidase, super oxide dismutase and
polyphenol oxidase (Holstein et al. 1967;
Ravindranath & Fridorich 1975).

Total extractable color expressed as colour value
was estimated from powdered dry chilli samples
using acetone and absorbance was read at 460
nm (ASTA 1995). Hierarchical cluster analysis
was carried out using SPSS software version
11.5 and Jaccards Similarity Coefficient index
was followed to group clusters.

Results and discussion

Twenty four paprika like chillies i.e., ICBD and
other accessions were grouped into six clusters

using Hierarchical cluster analysis (Table 2).
Total carbohydrate among total accessions
ranged from 1.1-5.2%, starch from 1.5-6.12%,
reducing sugar from 0.15-2.1%, total free amino
acids from 0.69-1.8%, phenol from 0.59-2.05%
and protein from 0.4-1.4%. The total extractable
colour value in chilli accessions ranged from
109-347 ASTA units. Such kind of variations
in the biochemical constituents in chillies were
also reported by Gupta & Tambe (2003) and
Wall & Bosland (1993).

It is evident from Table 3 that the most
important quality trait of paprika like chillies
was colour value which had significant positive
correlation with isozyme profile, particularly
poly phenol oxidase and phenol and highly
significant positive correlation with metabolites
such as total free amino acids and protein.

Based on the dendrogram, the total extractable
colour value, percentage similarity in isozymes,
SDS PAGE and the level of biochemical
constituents were compared (Fig. 1). The chilli
accessions were grouped into six clusters based
on biochemical characterization.

The accessions viz., ICBD-17, 18, 16, 3, and
ICBD-22 falling under cluster-I contained
relatively high total carbohydrate, high phenol,
similar super oxide dismutase pattern and
highly similar SDS pattern. Colour value of
these accessions was > 250 ASTA units.

Fig. 1. Dendrogram of 26 accessions based on
Jaccards Similarity Coefficient index using
isozyme and SDS protein

Grouping of paprika chillies
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Table 1. Genetic resources of paprika like chillies (indigenous)

Accession/ genotype Source

ICBD-1 Noolvi Dabbi (ND), Dharwad District, North Karnataka

ICBD-2 Annekeri Delux (AD), Dharwad District, North Karnataka

ICBD-3 Anthur Dabbi (Dabbi deluxe), Dharwad District, North Karnataka

ICBD-4 (B/9-1) Benthur Dabbi (Dabbi typical), Dharwad District, North Karnataka

ICBD-5 (B/9-3) Benthur Dabbi (Dabbi typical), Dharwad District, North Karnataka

ICBD-6 (B/9-5) Benthur Dabbi (Dabbi typical), Dharwad District, North Karnataka

ICBD-7 (B/9-7) Benthur Dabbi (Dabbi typical), Dharwad District, North Karnataka

ICBD-8 (B/K-1) Benthur Dabbi (Dabbi typical), Dharwad District, North Karnataka

ICBD-9 (B/K-4) Benthur Dabbi (Dabbi typical) (Khubihal village),Dharwad District, North
Karnataka

ICBD-10 (B/4-1) Benthur Dabbi (Dabbi typical), Dharwad District, North Karnataka

ICBD-11 (B/K-11) Benthur Dabbi (Dabbi typical) (Khubihal village), Dharwad District, North
Karnataka

ICBD-12 (B/K-14) Benthur Dabbi (Dabbi typical) (Khubihal village),Dharwad District, North
Karnataka

ICBD-13 (B/K-16) Benthur Dabbi (Dabbi typical) (Khubihal village),Dharwad District, North
Karnataka

ICBD-14 (B/9-11) Benthur Dabbi (Dabbi typical) (Khubihal village),Dharwad District, North
Karnataka

ICBD-15 (B/7-5) Benthur Dabbi (Dabbi typical) (Khubihal village),Dharwad District, North
Karnataka

ICBD-16 (B/y-13) Benthur Dabbi (Dabbi typical) (Yeliwal village),Dharwad District, North
Karnataka

ICBD-17 (B/y-2) Benthur Dabbi (Dabbi typical) (Yeliwal village),Dharwad District, North
Karnataka

ICBD-18 (B/y-4) Benthur Dabbi (Dabbi typical) (Yeliwal village),Dharwad District, North
Karnataka

ICBD-19 (Arka Abhir) Indian Institute of Horticultural Research, Bengaluru, Karnataka

Kt-Pl-19 Indian Agricultural Research Institute, Regional Station,Katrain, Himachal
Pradesh

Kt-Pl-19 variant-1 Indian Agricultural Research Institute, Regional Station,Katrain, Himachal
Pradesh

CC -1 Coorg, Karnataka

CC -2 Coorg, Karnataka

CC -3 Coorg, Karnataka

CC-4 Coorg, Karnataka

CC-5 Kozhikode, Kerala

Gobinath et al.



167
T

a
b

le
 
2

. 
P

er
ce

n
ta

g
e 

co
m

p
o

si
ti

o
n

 o
f 

b
io

ch
em

ic
a

l 
co

n
st

it
u

en
ts

 a
n

d
 i

so
z

y
m

e 
p

a
tt

er
n

 i
n

 c
h

il
li

 a
cc

es
si

o
n

s

T
o

ta
l

R
a

n
g

e 
in

 b
io

ch
em

ic
a

l 
co

n
st

it
u

en
ts

Is
o

z
y

m
e

 p
a

tt
e

rn
 v

a
ri

a
ti

o
n

e
x

tr
a

ct
a

b
le

co
lo

u
r

A
cc

e
ss

io
n

/

T
.C

S
ta

rc
h

R
.S

T
.F

. 
A

.A
P

h
e

n
o

l
P

ro
te

in
P

O
X

S
O

D
P

P
O

S
D

S
A

S
T

A
g

e
n

o
ty

p
e

(%
)

(%
)

(%
)

(%
)

(%
)

(%
)

(%
)

(%
)

(%
)

P
ro

te
in

U
n

it
s

(%
)

C
lu

st
er

 I
3

.1
-5

.2
1

.6
-6

.1
2

0
.3

6
-2

.1
0

0
.7

-1
.1

1
.0

-2
.0

6
0

.5
-1

.1
6

6
0

-1
0

0
5

0
-1

0
0

1
4

-8
5

5
6

-8
7

2
5

4
-2

8
2

IC
B

D
 -

17
, 

18
, 

16
,

3,
 C

C
-1

 &
  K

t-
P

l-
1

9
 v

a
ri

a
n

t-
1

C
lu

st
er

 I
I

1
.1

-4
.8

1
.8

3
-2

.4
0

.3
1

-1
.1

9
0

.7
3

-1
.1

8
1

.4
4

-1
.6

7
0

.3
7

-0
.6

8
6

0
-1

0
0

5
0

-1
0

0
2

8
-7

1
5

0
-8

1
1

4
4

-1
7

3
IC

B
D

 -
 8

, 
15

, 
7,

1
2

C
lu

st
er

 I
II

2
.3

-3
.7

1
.5

-3
.7

7
0

.1
5

-1
.7

0
0

.6
9

-1
.1

5
0

.7
6

-1
.8

2
0

.4
7

-0
.8

1
8

0
-1

0
0

5
0

-1
0

0
2

8
-8

5
5

6
-9

3
2

1
9

-2
3

0
IC

B
D

 -
 6

, 
13

, 
4,

C
C

-2

C
lu

st
e

r 
IV

1
.7

5
-4

.0
0

1
.8

8
-4

.5
0

0
.4

4
-1

.2
9

0
.7

-1
.1

6
0

.7
8

-2
.2

6
0

.4
2

-0
.8

0
6

0
-1

0
0

5
0

-1
0

0
1

4
.2

8
-1

0
0

5
6

-9
3

1
8

4
-2

0
7

IC
B

D
- 

2,
 5

, 
1,

 1
4,

K
t-

P
l-

1
9

, 
C

C
-4

&
 C

C
-5

C
lu

st
e

r 
V

4
.1

2
4

.6
2

1
.0

0
0

.7
0

0
.8

9
0

.8
2

4
1

0
0

5
0

8
5

6
8

1
0

9
C

C
 -

3

C
lu

st
e

r 
V

I
3

.3
1

-3
.5

5
2

.2
2

-3
.2

7
0

.9
9

-1
.2

3
1

.8
2

-1
.8

1
1

.7
6

-3
.5

8
1

.2
6

5
-1

.4
0

5
8

0
1

0
0

1
4

.2
8

5
0

-5
6

3
4

7
-3

5
3

IC
B

D
-1

1
 a

n
d

 1
9

N
o

te
: 

T
.C

=
T

o
ta

l 
ca

rb
o

h
y

d
ra

te
; 

R
.S

=
R

e
d

u
ci

n
g

 s
u

g
a

r;
 T

.F
.A

.A
=

T
o

ta
l 

fr
e

e
 a

m
in

o
 a

ci
d

s;
 P

O
X

=
P

e
ro

x
id

a
se

; 
S

O
D

=
S

u
p

e
r 

o
x

id
e

 d
is

m
u

ta
se

; 
P

P
O

=
P

o
ly

p
h

e
n

o
l 

o
x

id
a

se

T
a

b
le

 
3

. 
C

o
rr

el
a

ti
o

n
 m

a
tr

ix
 o

f 
b

io
ch

em
ic

a
l 

co
n

st
it

u
en

ts
 a

n
d

 c
o

lo
u

r 
o

f 
ch

il
li

 a
cc

es
si

o
n

s

T
o

ta
l

P
O

X
P

P
O

S
O

D
S

D
S

-P
a

g
e

T
.C

S
ta

rc
h

R
.S

P
ro

te
in

T
.F

.A
.A

P
h

e
n

o
l

e
x

tr
a

ct
a

b
le

co
lo

r

P
O

X
1

.0
0

0

P
P

O
-0

.5
7

6
**

1
.0

0
0

S
O

D
-0

.1
1

0
-0

.0
0

8
1

.0
0

0

S
D

S
-P

A
G

E
0

.6
1

6
**

-0
.5

0
9

**
-0

.2
9

0
1

.0
0

0

T
.C

-0
.5

0
8

**
0

.3
2

5
0

.0
4

3
-0

.4
1

4
*

1
.0

0
0

S
ta

rc
h

-0
.1

9
8

0
.0

9
9

0
.1

0
7

-0
.2

4
1

0
.4

8
2

*
1

.0
0

0

R
.S

-0
.3

2
3

0
.3

1
2

0
.3

4
9

-0
.5

1
0

**
0

.4
5

4
*

0
.3

6
7

1
.0

0
0

P
ro

e
ti

n
0

.0
5

4
0

.0
1

4
0

.1
2

6
-0

.1
8

2
0

.1
0

7
0

.1
2

9
0

.1
8

8
1

.0
0

0

T
.F

.A
.A

0
.2

0
2

-0
.0

1
4

-0
.4

1
6

*
0

.1
5

6
-0

.3
0

7
-0

.1
9

4
-0

.2
8

1
0

.6
3

5
**

1
.0

0
0

P
h

e
n

o
l

-0
.3

7
5

0
.3

6
2

-0
.3

6
1

-0
.2

7
6

-0
.1

2
4

0
.0

6
8

0
.1

2
7

0
.2

7
9

0
.5

2
4

**
1

.0
0

0

T
o

ta
l 

e
x

tr
a

ct
a

b
le

 c
o

lo
r

-0
.1

4
5

0
.4

4
4

*
-0

.1
2

2
-0

.2
6

4
0

.2
7

5
0

.0
5

0
0

.2
0

4
0

.6
2

9
**

0
.5

8
4

**
0

.4
4

7
*

1
.0

0
0

*S
ig

n
if

ic
a

n
t 

a
t 

C
D

 (
P

<
0

.0
5

);
 *

*S
ig

n
if

ic
a

n
t 

a
t 

C
D

 (
P

<
0

.0
1

)
P

O
X

=
P

e
ro

x
id

a
se

; 
P

P
O

=
P

o
ly

 P
h

e
n

o
l 

O
x

id
a

se
; 

S
O

D
=

S
u

p
e

r 
O

x
id

e
 D

is
m

u
ta

se
; 

T
.C

=
T

o
ta

l 
ca

rb
o

h
y

d
ra

te
; 

R
.S

=
R

e
d

u
ci

n
g

 s
u

g
a

r;
 T

.F
.A

.A
=

T
o

ta
l 

fr
e

e
 a

m
in

o
 a

ci
d

s

Grouping of paprika chillies



168

The second cluster had paprika like chillies
accessions (ICBD- 8, 15, 7, 12) possessing
relatively low colour value (140-173 ASTA
units). They were low in total carbohydrate,
starch and phenol contents. The III cluster
having accessions, ICBD-6, 13, 4 and ICBD-23
contained total extractable colour value of
above 200 ASTA units. These accessions
produced uniform carbohydrate content. The
accessions (ICBD- 2, 5, 1, 14, 20, 25 & 26) falling
under cluster IV revealed high carbohydrate
content. The total extractable colour value in
the cluster was in the range of 184-200 ASTA
units. They possessed more similarity in
isozyme pattern of super oxide dismutase and
peroxidase.

The cluster V (ICBD-24) was distinct from other
accessions. The accessions in this cluster
expressed high total carbohydrate, high starch
and low colour value. However, the accessions
falling under Cluster VI (ICBD 11 and 19) had
very high total extractable colour value (above
340 ASTA units). They were more similar in
super oxide dismutase, peroxidase, polyphenol
oxidase, and other biochemical constituents.

Cluster VI accessions contained high colour,
relatively high total carbohydrate, starch,
protein and total free amino acids. From this,
it may be inferred that group distinction is
mainly on the basis of colour value, which is
supported by other biochemical constituents.
Based on the coefficient value, accessions ICBD-
11 and ICBD-19 belong to one group. High
ASTA colour value, more similarity in isozyme
pattern and SDS PAGE were observed in this
group. Collection ICBD-3 is from Coorg and
ICBD-19 and ICBD-11 are from Kubihal Village
of Dharwad in Karnataka, India. Loaiza et al.
(1989) also could establish genetic relationship
of chilli accessions with geographic origin based
on isozyme analysis. However, Anu & Peter
(2003) associated the chilli germplasm with
geographical origin based on protein profiles.

Based on biochemical characterization, the
genotypes/accessions of paprika like chillies
were grouped into six clusters. Cluster I and
IV contained high number of accessions. ICBD-
9 and ICBD-11 possessed high ASTA colour
with great similarities with isozyme pattern,

which indicated that the accessions are from
the same group. ICBD-11 and ICBD-19
compositions can be mechanized to meet the
consumer ’s high demand of natural food
colours of additives. This data may provide a
scientific basis for future selection and crop
improvement.
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