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Abstract

Groundnut kernels deteriorate rapidly mainly due to chemical composition and moisture content. In this
study, activity of hydrolytic enzymes and antioxidant enzymes was assessed in kernels of contrasting
ground nut genotypes differing in their dormancy, pre-storage treatments and storage conditions. Kernels
of ground nut genotypes stored under cold conditions registered significantly lower electrical
conductivity then the ones stored under ambient conditions irrespective of pre-storage treatments.
Kernels of dormant ground nut variety VVRI 7 treated with halogen impregnated powder and stored under
cold conditions showed lowest electrical conductivity than other treatments. Dormant genotype VRI 7
was found to possess significantly reduced activity of proteases than the non-dormant CO 7. Lipase
activity and lipid perodixation were found to be less in dormant ground nut genotype VRI 7 (0.440 and
1.635) and halopolymer treatment was found to exhibit significant effect on this (0.041 and 1.650).
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Introduction

Seed deterioration is an undesirable event associated with various cellular, metabolic and
chemical alterations including chromosomal aberrations and damage to DNA, impairment of
RNA and protein synthesis, changes in the enzymes and food reserves and loss of membrane
integrity (Kibinza et al., 2006) 1. In groundnut, several biochemical and physiological
changes occur during storage due to the presence of high fat and protein content, alternation in
transcription and translation process (Shelar et al., 2008; Walters et al., 2010) [0 32,
Accumulation of reactive oxygen species (ROS) in seed tissues plays an important role in the
loss of seed viability during storage. Halogens are compounds that help to prevent seed
deterioration and halogenations dry treatment was shown to exhibit beneficial effect of
prolonging the shelf life of groundnut pods (Murugan, 1981 and Bindu Mathew, 1996) [0 5],
Hence, this study is intended to gain information on the effect of pre-storage treatments and
storage conditions on antioxidant enzymes involved in quenching of reactive oxygen species
during the storage period.

Materials and Methods

Genetically pure seeds of groundnut varieties (CO 7, a non-dormant genotype and VRI (Gn) 7,
a dormant cultivar) were obtained from Agricultural Research Station, Vaigai Dam, Tamil
Nadu, and India and used. Graded seeds were subjected to seed treatments including
halogenations with iodine and seed coating with iodine based halo polymer. Talc powder was
used as a carrier for iodine gas talc powder was impregnated with iodine @ 3 gkg™ and the
mixture was incubated for a week for diffusion of iodine vapours into the carrier. Seeds were
later treated with halogen powder and halo polymer @ 3 g kg kernels.

Treatments

Seed treatments

T1 - Control (Kernel)

T, - Seed dressing with halogen impregnated powder @ 3 g kg™ of seeds
Ts - Halo polymer treatment @ 3 g kg™ of seeds

T4 - Control (pods)

Varieties
V1 - Dormant - VRI (Gn) 7
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V> - Non dormant CO 7

Storage Condition
S; - Ambient (28 + 2°C; 55 %)
S; - Cold (4 + 2°C; 30 %)

Following biochemical assays were carried out to study the
biochemical basis of seed deterioration in groundnut.
Electrical conductivity (Presley, 1958) [25]

Dehydrogenase activity (Kittock and Law, 1968) [16

Qil content (Sadasivam and Manickam, 1995) 27}

Lipase activity (Jayaraman, 1981) (12

Lipid Peroxidation (Bernheim et al., (1948) [*]

Protein content (Alikhan and Young, 1973) 4

Protease activity (Naithani, 1987) 21

a-amylase activity (Paul et al., 1970) 2

Results and Discussion

Increased production of free radicals, changes in the levels of
free radical scavenging enzymes, degradation of proteins and
DNA and increased accumulation of free amino acids were
attributed to reduced germination and seedling vigour during
ageing (McDonald, 1999) 18], Decrease in enzymatic activity
in stored seeds with increase in storage time led to reduction
in germination and vigour (Khan et al., 2013) @, In this study,
dormant variety (VRI (Gn) 7 maintained lesser electrical
conductivity than non-dormant variety at the end of storage
period under ambient storage conditions and the difference
was 0.11. Dormant genotype VRI 7 would have started to
deteriorate 45-60 days after harvest and seed coat of dormant
variety was highly compact than non-dormant variety at the
end of storage period leading to lesser accumulation of
leachates. Lesser electrical conductivity was coincided with
the seeds treated with halo-polymer than untreated control
(Table 1). This was due to the weakening of cell membrane
that has been ascribed to be the cause for leaching of
metabolites and electrolytes through the semi-permeable
membrane into the imbibing medium. The halogens by
counteracting the free radical chain propagation reaction and
consequent stabilization of lipo-protein moiety maintained the
membrane integrity and as a result minimized the leakage of
electrolytes from the cell.

Stabilization of membrane integrity and scavenging of free
radicals by the halogens may be responsible for the relatively
lower electrical conductivity of the halogen slurry treated
seeds groundnut kernel (Sathiya Narayanan and Prakash,
2015) 8 The increased electrical conductivity of other
treatments may be due to faster deterioration of cell
membrane which leads to auto-oxidation of poly unsaturated
fatty acids in the membrane involving free radical chain
reactions (Doijode, 1988) [, Irrespective of varieties and
treatments, kernels stored under cold storage conditions
registered lower electrical conductivity than the kernels stored
under ambient conditions. This may be due to maintenance of
biochemical activity in kernels stored under cold storage
conditions whereas integrity of cell membranes would have
weakened in kernels stored under ambient conditions.
Dehydrogenase enzyme is an indication of living tissue and is
directly related with loss of viability. The dehydrogenase
enzyme activity is a good stable metabolic marker to estimate
the degree of vigour in seeds (Saxena et al., 1987) 1. The
dehydrogenase enzyme activity was higher in dormant variety
than non-dormant variety. The percentage increase was 9 %.
This was due to the fact that deterioration was slower in
dormant variety than non-dormant variety. The higher

dehydrogenase enzyme activity was maintained in halo-
polymer treated kernels (0.612 OD value) than untreated
control (0.587 OD value) and the difference was 0.025 (Fig
1). Irrespective of varieties and treatments, the cold storage
conditions had slightly higher dehydrogenase enzyme activity
than ambient by 0.006. This indicated slower deterioration of
living tissue under cold storage conditions. This was
supported by Nithya (2012) 22 in sunflower, groundnut and
soybean. The dehydrogenase enzyme was decreased from
0.620 to 0.580 with progressively advancement of storage
period.

In oilseed crops, oil content is one of the important factors
influencing deterioration of seed quality and viability. Seeds
rich in oil have limited longevity due to their specific
chemical composition. Qil content, composition and
degradation pattern will be altered significantly due to storage
conditions especially temperature and relative humidity
(Koutroubas et al., 2000) 1. In the present study, non-
dormant genotype CO 7 had higher oil content than dormant
variety irrespective of treatments and storage conditions (Fig
2). The halo-polymer treated kernels were found to maintain
oil content better than control and other treatments (Fig 2). It
may be due to stabilization of unsaturated fatty acid
compound of lipoprotein membranes through halogen
treatment and rendering them less susceptible to peroxidase
change (Jenifer Sandhya, 2015) 31,

Lipases are key enzymes involved in mobilization of oil
bodies during seed germination which catalyses the cleavage
of carboxyl ester bonds of TAGs, releasing free fatty acids
(FFAs) and glycerol (Feussner et al., 2001) ®l. The present
study revealed that dormant variety had lesser lipase enzyme
activity than non-dormant genotype (Fig 3). This might be
due to the fact that deterioration rate was slower in dormant
variety. Halo-polymer treated seeds recorded reduced lipase
activity than untreated control by 0.008 (Fig 3). This might be
because of the reduction in the process of lipid peroxidation
by halogens so stability of poly unsaturated fatty acid had
maintained. Lipid peroxidation and the generation of free
radicals may contribute to seed deterioration. Peroxidation of
unsaturated lipids affecting bio membrane permeability
resulting in enhanced solute leakage are cited as the most
probable sequence of deteriorative changes in seed
(McDonald 1999) [ In the present study the lipid
peroxidation was lower in dormant variety over non dormant
variety. Lipid peroxidation was found to be reduced
significantly during cold storage conditions when compared
to ambient storage conditions. This might be due the slow
cellular activity in cold storage. With the advancement of
storage period, the lipid peroxidation activity was increased at
the end of storage period (Fig 4).

Proteases are enzymes involved in hydrolysis of proteins into
amino acids and responsible for degradation of proteins
during storage. Reduction in protein content of seeds during
ageing is coinciding with increase in protease activity. In the
present investigation, protein content was higher in dormant
variety than non-dormant variety (Table 2) where seed
deterioration was faster. Irrespective of varieties and storage
conditions, the halo-polymer treatment registered higher
protein content and lesser protease activity (Table 3).
a-amylase is an important enzyme playing a vital role during
germination of seeds which degrades the complex starch,
maltose and release energy in the form of ATP, which is
utilized by emerging seedlings (Bewley and Black, 1978)
and it is one of the enzymes which directly indicates the
germination capability of the seeds. In the present
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investigation the dormant variety maintained higher o-
amylase activity (13.19) than non-dormant variety (12.54).
This might be due to depletion of food reserve materials
present in seeds was lesser in dormant variety. The halo-
polymer treated kernels had higher a-amylase activity than
untreated control (Table 4).

Table 1: Effect of seed dormancy, halogenation and storage condition on electrical conductivity (dSm) of groundnut seeds during storage

Groundnut kernels deteriorate faster under ambient storage

conditions and such processes are slower in dormant varieties
compared to non-dormant varieties. Further, the seed quality
can be maintained by treating the kernels with halo-polymer
that quenches the ROS which are generated during the seed

deterioration.

Ambient storage (S1) Cold storage (S2)
varieties | Treatments Period of storage (months) Treatments
M) (M
P4 | P6 [Mean| PO | P2 | P4 P6 Mean Mean
PO | P2
T1 0.31| 0.4 |[0.56 |0.65] 0.48 |0.31]|0.36 | 0.51 0.62 0.45 0.47
vi T2 0.31]0.36 { 0.45 |0.61] 0.43 ]0.31|0.34 | 0.41 0.56 0.41 0.42
(Dormant)
T3 0.31]0.33(0.39 |[0.52]0.38 ]0.31|0.31 [ 0.35 0.47 0.36 0.37
T4 0.31]0.35(0.42 |0.57 | 0.41 ]0.31|0.33 | 0.39 0.52 0.39 0.40
Mean 0.31]0.36 | 0.46 |10.59 | 0.43 |0.31{0.34 | 0.42 0.54 0.40 0.42
T1 0.4310.53 | 0.65 |0.76 | 0.60 0.43]|0.49 | 0.60 0.71 0.56 0.58
V2
T2 0.4310.49 ( 0.56 |0.67 | 0.53 ]0.43]|0.45 | 0.51 0.62 0.50 0.52
(Non
T3 0.43]0.45]0.49 |10.59( 0.48 |0.43{0.44 | 0.47 0.51 0.46 0.47
dormant)
T4 0.43]0.47|0.53 |10.60 [ 0.51 ]0.43{0.46 | 0.50 0.54 0.48 0.50
Mean 0.4310.49 | 0.56 |0.65] 0.53 |0.43]0.46 | 0.52 0.60 0.50 0.52
Grand mean 0.37 ] 0.42 (0.51 |0.62 ] 0.48 ]0.37|0.40 | 0.47 0.57 0.45 0.47
T1 T2 T3 | T4 [S1 | S2 |[Vv1|V2 | PO P2 P4 P6
Mean 0.53 0.47 1 0.42 ( 0.45 |0.48 ] 0.45 |0.42|0.52 | 0.37 0.41 0.49 0.60
\ S P | VT |[VS| VP | TS| TP | SP | VTS| VTP |VSP | TSP |VTSP
SEd 0.001  [0.002 {0.001(0.0020.024]0.030.024 {0.02]0.004 0.;)0 0.004| 0.006 [0.004]0.006|0.008
CD 0.00
0.003  [0.004 [0.003{0.004[0.049| NS |0.049 [ NS ]0.008 6 NS 0.012 NS | NS | NS
(P=0.05)
Legends

1 - Control; T2 — Halogen (lodine) impregnated powder at 3 g kg™*; T3- Halo polymer at 3 g kg; T4- Pod without treatment
V1 (Dormant) — VRI (Gn) 7; V2 (Non dormant) — CO 7.
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Table 2. Effect of seed dormancy, halogenation and storage condition on protein content (%) of groundnut seeds during storage

Ambient storage (S1) Cold storage (S2)
Varieties| Treatments
Period of storage (P months) Treatments
V) (M
Po| P2 | P4 | P6 | Mean | PO P2 | P4 P6  [Mean| Mi€an
T1 26.8| 26.2 | 25.1 | 24.2 25.6 26.8 264 |253 246 |258 25.7
V1 T2 26.8] 26.5 | 255 | 24.6 25.9 26.8 26.6 |25.9 251 |26.1 26.0
(Dormant) T3 26.8| 26.6 | 26.0 | 25.1 26.1 26.8 26.8 |26.3 257 |264 26.3
T4 26.8] 266 | 259 | 25 26.0 26.8 266 |26.1 253 262 26.1
Mean 26.8| 26,5 | 25.6 | 24.7 25.9 26.8 26.6 |25.9 251 |26.1 26.0
T1 26.0| 254 | 241 | 233 24.7 26.0 256 |245 238 |249 24.8
V2
T2 26.0| 25.7 | 248 | 239 25.1 26.0 259 |25.2 245 |254 25.2
(Non
T3 26.0( 258 | 25.1 | 24.4 253 26.0 26.0 |25.6 249 256 25.5
dormant)
T4 26.0| 25.7 | 25.0 | 24.2 25.2 26.0 260 |254 246 |255 25.3
Mean 26.0| 25.7 | 24.7 | 239 25.0 26.0 258 |251 244 1253 25.1
Grand mean 26.4] 26.1 | 25.2 | 243 25.4 26.4 26.2 | 255 247 | 257 255
T1 T2]| T3 T4 S1 S2 V1 V2 PO P2 P4 P6
Mean 25.2 25.6| 259 | 25.7 | 254 25.7 26.0 251 |264 261 |253 245
\% T S P VT | VS VP TS TP SP | VTS| VTP |VSP|TSP VTSP
SEd 0.095 |0.134/0.095|0.134 | 1.523 [ 2.153 | 1.523 1.523 0.269 ]0.190]0.269| 0.380 |0.269(0.380|0.538
cb 0.188 [0.266/0.188] 0.266 | NS NS NS NS NS NS | NS NS NS | NS | NS
(P=0.05)
Legends

T1 - Control; T2 — Halogen (lodine) impregnated powder at 3 g kg; T3- Halopolymer at 3 g kg*; T4- Pod without treatment V1 (Dormant) —
VRI (Gn) 7; V2 (Non dormant) — Co 7.

Table 3: Effect of seed dormancy, halogenation and storage condition on protease activity (OD value) of groundnut seeds during storage

Ambient storage (S1) Cold storage (S2)
Varieties| Treatments
Period of storage (P months) Treatments
V) (M

Po | P2 | P4 | P6 | Mean | PO | P2 P4 P6 Mean| Mean
T1 0.018]0.023(0.029 | 0.041 0.028 |0.018 |0.022 0.027 0.040 0.027 0.028
V1 T2 0.018]0.020(0.025 | 0.035 0.025 [0.018 |0.019 0.023 0.030 0.023 0.024
(Dormant) T3 0.018]0.019(0.022 | 0.029 0.022 |0.018 |0.018 0.020 0.026 0.021 0.021
T4 0.018]0.020(0.023 | 0.033 0.024 |0.018 |0.019 0.021 0.030 0.022 0.023
Mean 0.018]0.021(0.025 | 0.035 0.024 |0.018 10.020 0.023 0.032 0.023 0.023
Tl 0.022]0.030(0.039 | 0.056 0.037 |0.022 10.030 0.037 0.053 0.036 0.037
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V2
T2 0.022]0.025]0.032 | 0.044 | 0.031 [0.022 {0.023 0.032 0.042 0.030 0.030
(Non
T3 0.022]0.020]0.028 | 0.040 | 0.028 [0.022 (0.022 0.026 0.037 0.027 0.027
dormant)
T4 0.022]0.024]0.030 | 0.043 | 0.030 [0.022 (0.023 0.028 0.040 0.028 0.029
Mean 0.022]0.025]0.032 | 0.046 | 0.031 [0.022 (0.025 0.027 0.028 0.030 0.031
Grand mean 0.020]0.023]0.028 | 0.041 | 0.028 [0.020 (0.023 0.025 0.030 0.027 0.027
T1 T2 | T3 T4 S1 S2 V1 | V2 PO P2 P4 P6
Mean 0.032 0.027]0.024]0.026 | 0.028 | 0.027 [0.023 (0.031 0.020 0.023 0.027 0.036
\% T S P VT VS VP TS | TP | SP VTS VTP VSP | TSP |VTSP
SEd 0.0001 [0.0001(0.0001/0.0001{0.0017] 0.0017 | 0.0017 0.0017{0.0003|0.0002 [0.0003|  0.0004 0.0003/0.0004{0.0006
cb 0.0002 0.0003[0.0003/0.0003(0.0034] NS 0.0034 | NS |0.0006/0.0004 | NS 0.0008 NS [0.00080.0012
(P=0.05)
Legends

T1 - Control; T2 — Halogen (lodine) impregnated powder at 3 g kg't; T3- Halopolymer at 3 g kg't; T4- Pod without treatment V1 (Dormant) —
VRI (Gn) 7; V2 (Non dormant) — Co 7.

Table 4: Effect of seed dormancy, halogenation and storage condition on a-amylase activity (mg of maltose min-*) of groundnut seeds during

storage
Ambient storage (S1) Cold storage (S2)
Varieties| Treatments
Period of storage (P months) Treatments
v) (M
po| P2 | P4 P6 Mean | PO | P2 Pa| Pe  |Mean|  Mean
T1 13.42|13.20(12.94 | 12.53 13.02 [13.42| 13.31 13.02| 12.64 [13.10 13.06
V1 T2 13.42[13.25|13.10 12.86 13.16 |[13.42| 13.33 13.16] 12.93 |[13.21 13.18
(Dormant) T3 13.42(13.39| 13.26 13.01 1327 [13.42| 1341 13.33] 13.10 |[13.32 13.29
T4 13.42| 13.36 | 13.18 12.92 13.22 [13.42| 13.39 13.23] 13.05 [13.27 13.24
Mean 13.42(13.30| 13.12 12.83 13.17 |[13.42| 13.36 13.19| 12.93 |[13.22 13.19
T1 13.03[12.70| 12.36 11.12 1230 [13.03| 12.88 12.42| 12.18 |[12.63 12.46
V2
T2 13.03( 12.83| 12.67 12.30 12.71 [13.03| 12.89 12,75 1257 [12.81 12.76
(Non
T3 13.03( 13.00| 12.86 12.60 12.87 [13.03| 13.02 12.98] 12.76 [12.95 12.91
dormant)
T4 13.0312.90| 12.78 12.52 12.81 [13.03| 12.98 12.86| 12.63 [12.88 12.84
Mean 13.03| 12.86 | 12.67 12.14 12.67 [13.03| 12.94 12.75| 1254 [12.82 12.74
Grand mean 13.22| 13.08 | 12.89 12.48 1292 [13.22| 13.15 12.97] 1273 [13.02 12.96
T1 T2 T3 T4 S1 S2 V1 V2 PO P2 P4 P6
Mean 12.76 12.97| 13.10| 13.04 12.92 13.02 [13.19| 12.74 1322 1311 [12.93 12.60
\Y T S P VT VS VP TS| TP SP |VTS| VTP |VSP|TSP|VTSP
SEd 0.049 (0.070[0.049|0.070 [0.797 | 1.127 0.797 ]0.797(0.140] 0.099)0.140| 0.199 [0.140[0.199|0.281
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CD
(P=0.05)

0.098 |0.140p0.0980.140 | NS NS NS NS | NS NS | NS NS NS | NS | NS

Legends
T1 - Control; T2 — Halogen (lodine) impregnated powder at 3 g kg''; T3- Halopolymer at 3 g kg'!; T4- Pod without treatment V1
(Dormant) — VRI (Gn) 7; V2 (Non dormant) — Co 7.
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Fig 1: Effect of seed dormancy, halogenation and storage condition on dehydrogenase activity (OD value) of groundnut seeds during storage
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Fig 3: Effect of seed dormancy, halogenation and storage condition on lipase activity (meq min-* g%) of groundnut seeds during storage

1.9

185

Lipid peroxidation (0D value)

Dormant variety

Control Ambient ® Control Cold

B Halo-polymer Ambient ® Halo-polymer Cold

165 -
16 i
155
1.5
1.45
0 2 4 6 0 2

Months after storage

» Halogen Powder Ambient

| Pod Ambient

4 6

Non-dormant

Halogen Powder Cold

u Pod Cold

Fig 4: Effect of seed dormancy, halogenation and storage condition on lipid peroxidation (OD value) of groundnut seeds during storage
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