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ABSTRACT

A lab experiment was carried out to study that seed physiological and biochemical parameters of onion as influenced by
different packaging materials and storage conditions. Onion seeds were stored in different packaging materials viz.,
cloth bags and aluminium bags and vacuum packed bags stored at room temperature (25 + 22 C) and cold storage (4 *
12 C) for a period of 18 months. The treatments having six combinations and consisting of different containers viz., cloth
bags, aluminium bags and vacuum packed bags were replicated four times in both cold and ambient storage conditions
in completely randomized design. The results of the study revealed that the seed biochemical parameters such as a-
amylase, lipase and protease enzymes activity and seed physiological parameters viz., mineral content (Cu, Mn, Zn and
Mn), moisture content and electrical conductivity values were higher in vacuum packed seeds than cloth, Aluminium
bags for onion seeds stored under cold storage compared to room temperature throughout the storage period. Among
the containers, the seeds stored in vacuum packed bags maintained the seed biochemical and seed physiological
parameters with least deterioration compared to seeds stored in cloth bags and aluminium bags.

Keywords: Moisture content, electrical conductivity, mineral content, biochemical parameters, vacuum packaging and
cold storage.
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INTRODUCTION

Seed is the foundation of agriculture for enhancing crop production. But the availability of quality seed is
the main constraint to crop production in developing country like India. The use of quality seed can
contribute significantly to increased grain yield as well as to increased availability of every day’s food
intake. The production of quality seed is thus very important and the Government has recently given the
topmost priority for seed sector. Therefore, the constraints related to availability of quality seeds for
production of agricultural crops, assess post harvest losses and determine the quality of farmers’ home
grown seeds and develop policy options for quality seed production at farmers’ level for increasing crop
yield and production towards attaining food security. Research on storability of seeds in India is of recent
origin with the development of organized seed production and marketing. It is stipulated that 80 per cent
of certified seeds produced in India require storage for one planting season and 20 per cent of seeds is
carried over for subsequent sowing [7]. However, when the awareness and infrastructure is developed,
substantial quantity of seeds can be stored for few planting seasons as a safeguard against monsoon
failure and as a precaution against production of poor quality seeds.

Onion (Allium cepa L.) is one of the major bulb crops of the world and important commercial vegetable
grown all over the world. India accounts for 16 per cent of the world area (2.97 m ha) and 19.9 per cent of
the world production (75.91 m tons) with a productivity of 19.2 tons per ha [4]. India ranks first in total
area under onion cultivation, second in production and third after the Netherlands and Spain in export. At
present, the area under onion is 7.41 per cent of the total output of vegetables in the country. In India it is
being grown area 1.04 m ha and production of 15.11 m tons with the productivity of 14.20 tons per ha,
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which is very low. Most of the onion produced in India comes from the states of Maharashtra, Orissa,
Gujarat, Karnataka and Uttar Pradesh. Among different states, Maharashtra accounts for 30-40 per cent of
the total production, which mainly comes from Nasik district, Karnataka alone occupies an area of 2.0
lakh ha with a production of 27.21 lakh tons and the average productivity is 13.61 tons per hectare [3],
which is again very low compared to national productivity average. Onion, accounts for 90 per cent of the
export of vegetables from India in terms of value. Good seed is a basic input in vegetable production.
Successful olericulture programme depends on the quality of seeds used for sowing. Thus, the seed
producers hold greater responsibility in maintaining genetically pure seeds and to preserve the quality of
seeds from harvest to next sowing. Onion seed is however classified as poor storer; it loses viability
within a year under ambient storage conditions.

Onion seed is a poor storer. Storing seeds after harvest till the next cropping season without impairing
the quality is of prime importance for successful seed production. The problem of loss of seed viability is
more severe in onion harvested in the summer season and about 50 per cent viability could be lost within
4-5 months of storage. Research on storability of seeds in India is of recent origin with the development
of organized seed production and marketing [2]. Seed deterioration has been ascribed to physical,
physiological, bio-chemical and pathological detrimental changes occurring in seeds leading to death and
has been characterized as inexorable, irreversible, inevitable, and minimal at the time of physiological
maturity and variable among kinds of seeds, varieties and seed lots [13].The farmer’s practice of storing
crop seeds in cloth bags as well as in cloth bags hastens up the seed quality deterioration process, thus
resulting in poor seed quality. The use of high density polyethylene (Aluminium) and metallised polyester
polyethylene (MPP) packaging materials in seed storage were found to retain the quality, but for a limited
period. Oxidation of seed food reserves ingredients such as carbohydrates, protein, lipids, vitamins,
pigments and aroma compounds is one of the most important causes of quality loss during processing
and storage [7].A better solution therefore could be the use of low oxygen atmosphere packing system.
Vacuum packaging is a technology that is being widely used in the meat industry, wherein the product is
placed in a pack of low oxygen permeability, air is evacuated and the package sealed. The relative high
cost of crop seeds and the overwhelming importance of retaining their seed quality for next season justify
the selection of proper packaging strategy.

MATERIAL AND METHODS

A storage experiment was carried out for a period of 18 months at Department of Crop Physiology,
University of Agricultural Sciences, Dharwad. Freshly harvested onion seeds (Arka Kalyan) were dried
under sun and stored under different storage conditions and containers. The temperature maintained in
the cold storage was around (4 °C * 1°C) and relative humidity was 85 to 90 per cent throughout the
storage period while, for ambient storage, bags were stored in the laboratory at room temperature (25 +
2 °C). Onion seeds were packed in 10 g in vacuum packed bags (The machine used for vacuum packaging
of different seeds was OLPACK 501/V manufactured by INTERPRISE-BRUSSELS S.A., BRUXTAINER
DIVISION, Belgium) and & aluminium bags while 500 g into cloth bags. After packaging of all the seeds in
different containers, 50 % bags were stored properly in the iron racks without stacking so that all the
bags were uniformly exposed to the particular treatment condition; while 50 % bags were stored under
cold storage. The treatments having six combinations and consisting of different containers viz., cloth
bags, aluminium bags and vacuum packed bags were replicated four times in both cold and ambient
storage conditions in completely randomized design. The observations on various seed physiological
parameters viz., electrical conductivity [42], and the per cent moisture were obtained by using MB 45
Halogen Moisture Analyzer from Ohaus, USA, while estimation of mineral content i.e. Copper (Cu), Zinc
(Zn), Iron (Fe) and Manganese (Mn) contents in seed were estimated using Atomic Absorption
Spectrophotometer (AAS-4141, Electronic Corporation of India Ltd.) and determination of all the
biochemical parameters i.e. a-amylase activity, lipase enzyme activity and protease enzyme activity was
estimated by methods devised by [8], [25], and [43],, respectively at bimonthly interval upto18 months.
The analysis and interpretation of the experimental data was done as suggested by [41], with level of
significance used as P = 0.01

RESULTS AND DISCUSSION

Influence on seed physiological parameters

Moisture content (%)

The moisture content (%) of onion seeds (Table 1) indicated significant differences between the
treatments at all the stages of storage upto 18 months except at the initial stages i.e., before packaging. In
general, no much change was observed in the moisture content of vacuum packed seeds as well as
aluminium packed seeds during storage upto 18 months and there was a slight decline in the moisture
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content with advancement in the storage period, and it was almost negligible. Lot of fluctuations in the
moisture content of onion seeds were noticed in cloth bags, kept at room temperature or cold storage
during storage period. At 18 months of storage, the maximum moisture content (10.05 %) was observed
in cloth bags at cold storage followed by cloth bags at room temperature (7.54 %). Significantly lower
values of moisture content (5.92 and 5.83 %) was observed in aluminium packed seeds followed by
vacuum packed seeds (5.81 and 5.50 %) at cold storage or room temperature. The value for moisture
content of cloth bag seeds differed significantly cold storage or room temperature, but no significant
difference was observed between aluminium packed and vacuum packed seeds during storage even upto
18 months. It is clear from the results, that the containers in cold storage shown higher moisture content
values compared to those containers under room temperature throughout the storage period. These
results are in agreement with the findings of [13], in shelled peanuts, [33] in wheat, [49] in groundnut
kernels, [42], [12]& [45], in chilli powder, [47] in whole chilli and [29] in soybean storability for longer
period.

Table-1. Influence of packaging and storage conditions on moisture content (MC, %) at different
time intervals of storage in onion seeds
Storage period (months)

Treatments

0 2 4 6 8 10 12 14 16 18
T1 - Cloth bag (CS) 597 | 10.83 | 10.85 | 10.73 | 10.53 | 10.50 | 10.42 | 10.29 | 10.08 | 10.05
T2 -Cloth bag (RT) 597 | 796 | 7.95 7.89 888 | 899 | 887 | 856 | 7.86 | 7.54

T3 - Aluminium bag (CS) 597 | 6.56 | 6.52 6.38 | 6.21 | 6.18 | 6.03 598 | 595 593
T4-Aluminium bag (RT) | 597 | 6.11 6.10 5.99 597 | 596 | 593 590 | 588 | 583
Ts- Vacuum packed (CS) | 597 | 6.09 | 6.07 | 6.05 6.03 | 6.02 6.00 596 | 583 5.81
Te-Vacuum packed (RT) | 597 | 599 | 598 | 599 594 | 590 5.89 574 | 5.60 | 5.50

S.Em () 0.05| 0.01 | 0.02 | 0.04 | 0.11 | 0.05 | 0.09 | 0.02 | 0.05 | 0.03
C.D. (1%) NS 0.03 | 0.06 | 0.11 | 0.31 | 0.15 | 0.26 | 0.05 | 0.15 | 0.08
NS = Non significant CS = Cold storage RT = Room temperature

Table 2. Influence of packaging and storage conditions on electrical conductivity (EC, dSm-1) at
different time intervals of storage in onion seeds

Storage period (months)

Treatments

0 2 4 6 8 10 12 14 16 18
T1 - Cloth bag (CS) 0.419 | 0423 | 0428 | 0.447 | 0458 | 0480 | 0.501 | 0.529 | 0.547 | 0.558
T2 -Cloth bag (RT) 0.419 | 0426 | 0435 | 0461 | 0474 | 0493 | 0.522 | 0.538 | 0.568 | 0.573

T3 - Aluminium bag (CS) 0.419 | 0422 | 0427 | 0436 | 0446 | 0451 | 0.477 | 0.490 | 0.501 | 0.515

T4-Aluminium bag (RT) | 0.419 | 0.424 | 0.429 | 0.441 | 0.453 | 0.461 | 0.482 | 0.504 | 0.519 | 0.531

Ts- Vacuum packed (CS) | 0.419 | 0.420 | 0.422 | 0.425 | 0.428 | 0.429 | 0.432 | 0.433 | 0.436 | 0.439

Te-Vacuum packed (RT) | 0.419 | 0.421 | 0.424 | 0.427 | 0431 | 0.432 | 0.434 | 0.435 | 0.438 | 0.441

S.Em (%) 0.005 | 0.034 | 0.006 | 0.001 | 0.003 | 0.001 | 0.004 | 0.001 | 0.001 | 0.002
C.D. (1%) NS NS 0.019 | 0.003 | 0.010 | 0.002 | 0.012 | 0.002 | 0.003 | 0.006
NS = Non significant CS = Cold storage RT = Room temperature

Electrical conductivity (dSm-1)

The data pertaining to electrical conductivity (d Sm!) of onion seeds as influenced by different packaging
and storage conditions indicated significant differences upto 18 months of storage period (Table 2). At 18
months of storage, the vacuum packed seeds recorded significantly lower values of electrical conductivity
(0.439 and 0.441 d Sm) at cold storage and room temperature as compared to aluminium bags (0.515
and 0.531 d Sm1) and cloth bags (0.573 and 0.578 d Sm'1), respectively. It is clear from the results that
the vacuum packed seeds could maintain lower electrical conductivity compared to aluminium bags
followed by cloth bags during the storage. Vacuum packed seeds stored in cold storage and room
temperature did not show significant difference with each other. While, the cloth bags and the aluminium
bags differed significantly to each other throughout the storage period. The values of electrical
conductivity of seeds stored different in all the containers at cold storage recorded lesser than those
stored at room temperature throughout the storage period.. Similar results were obtained by [44] in rice,
[38] in brinjal seeds, [36] in groundnut, [54] in soybean, [35] in sunflower, [46] in chilli and [6] in maize
seeds.

Mineral’s content

Copper content (Cu, ppm)

Copper content (ppm) of onion seeds differed significantly between treatments and there was a gradual
decline with progress in storage period (Fig.1).
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Fig. 1. Influence of packaging and storage conditions on copper content (Cu, ppm) at different time
intervals of storage in onion seeds

The reduction was greater in cloth bags as well as aluminium packed seeds from the initial stage i.e., 8
months to 18 months of storage, stored under room temperature. At the end of 18 months of storage, the
vacuum packed bag seeds kept under cold storage and room temperature recorded significantly higher
values of copper content (14.55 and 14.37 ppm) as compared to aluminium bags (11.83 and 11.30 ppm)
followed by cloth bags (11.57 and 11.00 ppm), respectively. It is clear from the results that the vacuum
packed seeds maintained higher copper content compared to aluminium bags followed by cloth bags
during storage period. It is significantly difference in copper content, was not observed in vacuum packed
seeds stored either under cold storage or room temperature; while cloth bag seeds and the aluminium
bag seeds differed significantly to each other from 10 to 18 months of storage.

Iron content (Fe, ppm)
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m T2 — Aluminium bag (CS) m| T4 — Aluminium bag (RT)
m TS5 — Vacuum packed (CS) m T6 —Vacuum packed (RT)

18
16

14
12
10
o (= iz 18

Months of storage

Ironcontent (Fe, ppm)

o N & O O

Fig. 2. Influence of packaging and storage conditions on iron content (Fe, ppm) at different time
intervals of storage in onion seeds

The data related to the iron content (ppm) of onion seeds differed significantly between treatments
recorded with progress in storage period (Fig.2). The iron content in cloth bags as well as aluminium
packed seeds was when reduced to great extent from the initial stage to upto 18 months of storage when
stored under room temperature. At ten months of storage, significantly higher iron content (42.43 ppm)
was recorded in vacuum packed seeds stored under cold storage and it was onpar with those stored
under room temperature (42.35 ppm). Significantly lower iron content (38.47 ppm) was observed in
aluminium bag seeds stored under room temperature followed by cloth bag seeds (38.60 ppm) stored at
room temperature. The similar trend was continued at all the stages of storage even upto 18 months.
Similar way to At the end of storage i.e, 18 months, vacuum packed seeds stored under cold storage
recorded significantly higher iron content (41.78 ppm) over all other treatments, followed by vacuum
packed seeds stored under room temperature (41.43 ppm). The lower iron content (33.27 ppm) was
recorded seed stored in aluminium bags followed by cloth bags (33.70 ppm).

Zinc content (Zn, ppm)

Zinc content (ppm) of onion seeds differed significantly between the treatments and reduced from 4
months onwards until upto 18 months of storage in cloth bag seeds (Fig.3). The decline in zinc content of
vacuum packed seeds was much slower than in aluminium packed seeds at all the stages of storage.
Significantly lower zinc content (34.81 and 35.50 ppm) was recorded in cloth bag seeds kept under room
temperature and cold storage, respectively at 10 months of storage While significant higher values (37.48
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and 37.30 ppm) were recorded in vacuum packed seeds stored under cold storage and room temperature
followed by aluminium packed seeds (35.15 and 34.30 ppm), respectively. A similar trend was continued
at all the stages of storage upto 18 months

m Tl — Cloth bag (CS) m T2 —Cloth bag (RT) m T2 — Aluminium bag (CS)

m T4 — Aluminium bag (RT) | TS5~ Vacuum packed (CS) m T6 —Vacuum packed (RT)

o 6 12 is

Months of storage
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a0
35
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25
20

Zinc content (Zn, ppm)

10

Fig. 3. Influence of packaging and storage conditions on zinc content (Zn, ppm) at different time
intervals of storage in onion seeds
Manganese content (Mn, ppm)
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Fig. 4. Influence of packaging and storage conditions on manganese content (Mn, ppm) at different
time intervals of storage in onion seeds

The data on manganese content ( ppm) of onion seeds as influenced by different packaging materials and
storage condition significantly differences among the treatment during storage (Fig. 4). Significantly
higher values of manganese content (28.78 ppm) were recorded for vacuum packed seeds stored under
cold storage, but were onpar with those stored under room temperature (28.75 ppm) at 10 months of
storage. Significant lower values (26.54 ppm) were observed in aluminium bag seeds at room
temperature, but it was on par with cloth bag seeds (26.70 ppm). Same trend was at all the stages of
storage even upto 18 months. The vacuum packed seeds could maintain higher manganese content
throughout the storage period. The values of manganese content in vacuum packed seeds did not differ
significantly within the treatments upto 18 months of storage.

It is clear from the above results for all the mineral’s content that the seeds stored in cloth bags under
cold storage were onpar with the aluminium bags stored under cold storage similarly the cloth bags
stored at room temperature was also onpar with aluminium bags stored at room temperature. The
vacuum packed seeds could maintain higher mineral’s content values throughout the storage period. The
vacuum packed seeds could maintain higher manganese content values throughout the storage period.
Mineral elements like zinc, copper, iron and manganese are very crucial for plant growth and human
health, and play a key role in various physiological and biochemical processes. Results pertaining to
mineral contents during study including copper, iron, zinc and manganese of soybean seeds showed
gradual decrease with an advancement of storage period at all the stages of storage. Among the
containers, the decrease in mineral content was very less in vacuum packed bags compared to aluminium,
and cloth bags throughout the storage period under both ambient and cold storage. Variation in the
mineral contents between the packaging materials could be attributed to redistribution of mineral
elements in seeds and possible microbial contamination [9]. In the aluminium bags mineral content

12 18

Months of storage

6
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values were higher than cloth bags, but it was lower than vacuum packed bags. Same results were
obtained by [18] in groundnut, [19] in melon seeds, [15] in cocoyam chips, [32], [40] in chilli and [56] in
green beans.

Higher reduction of iron content in aluminium and cloth bags may be attributed to its sensitivity to
temperature. [26] reported that copper, iron, zinc and manganese contents in both conventional and
vacuum packed bags were affected significantly and decreased with an increased storage period of 10
months. At 18 months of storage, vacuum packed bags recorded significantly higher values of copper,
iron, zinc and manganese compared to aluminium, while significantly lower values were found in cloth
bags stored under both ambient and cold storage. Similarly, [5] also reported a decrease in Zn, Cu and Fe
of cocoyam and white yam stored for six months. Higher mineral contents during cold storage compared
to ambient storage could be attributed due to lower internal physiological and biochemical processes in
the seed there by prolonging the shelf life of seeds during storage. Higher micronutrients in vacuum
packed bags compared to cloth bags, may be due to decrease in ash content [26]. Similar findings were
also reported in shelled melon seeds [20], in millet seeds [19], in cocoyam chips.

a-amylase activity (mg maltose released/min)

m Tl — Cloth bag {(CS) m T2 Cloth bag (RT}
T2 — Aluminium bag (CS) m T4 — Aluminium bag (RT)
TS — Vacuum packed (C5) mTe —Vacuum packed (RT)
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|
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a-amylase activity (mg maltose released/min.)

Fig. 5. Influence of packaging and storage conditions on a-amylase activity (mg maltose
released/min) at different time intervals of storage in onion seeds

a-amylase activity (mg maltose released/min) of onion seeds differed significantly between treatments
and there was a gradual decline with progress in storage period (Fig., 5). The reduction was greater in
cloth bag as well as aluminium packed seeds from the initial stage upto 18 months of storage stored
under room temperature. At 18 months of storage, the vacuum packed seeds recorded significantly
higher values of a-amylase activity (1.40 and 1.37 mg maltose released/min), kept at cold storage and
room temperature, respectively compared to aluminium bags (1.22 and 1.17 mg maltose released/min)
followed by cloth bags (1.09 and 1.05 mg maltose released/min), respectively throughout the storage
period. It is clear from the results that the vacuum packed seeds could maintain higher a-amylase activity
as compared to aluminium bags followed by cloth bags, throughout the storage period. From the results,
it is clear that the vacuum packed seeds could maintain higher a-amylase activity values over aluminium
bags followed by cloth bags at all the stages of storage. Similar observations were also reported in wheat
seeds [10] and in naturally aged gram, chickpea and wheat seeds [2], and in mustard [52].

Lipase activity (meq. free fatty acid /min/g)

Lipase activity (megq. free fatty acid /min/g) of onion seeds differed significantly between treatments and
there was gradual decline with an advancement in storage period (Fig.,6). The reduction was greater in
cloth bag as well as aluminium packed seeds from the early stage to upto 18 months of storage, stored
under room temperature. At the end of storage periods i.e., 18 months vacuum packed seeds recorded
significantly higher lipase activity (3.61and 3.58 megq. free fatty acid /min/g) kept under cold storage and
room temperature compared to aluminium bags (3.45 and 3.32 megq. free fatty acid /min/g) and cloth
bags (3.30 and 3.18 meq. free fatty acid /min/g), respectively. It is clear from the results that the vacuum
packed seeds showed higher lipase activity compared to aluminium bags followed by cloth bags
throughout the storage period. It is also clear from the results that no significant differences, were found
between vacuum packed treatments, either stored under cold storage or room temperature; while the
lipase activity values for cloth bags and the aluminium bags differed significantly with each other
throughout the storage period. Our results are in good agreement with results of [14] and [11], [28] in
wheat and [16] in cucurbitaceous seeds.
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Fig. 6. Influence of packaging and storage conditions on lipase activity (milliequvelent free fatty
acid /min/g) at different time intervals of storage in onion seeds
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Fig. 7. Influence of packaging and storage conditions on protease activity (mg amino acid released
/min/ml) at different time intervals of storage in onion seeds

Protease activity (mg amino acid released /min/ml) of onion seeds differed significantly between
treatments during storage period (Fig.,7). The decline in protease activity of vacuum packed seeds was
very minimum and a slow decline with an advancement in storage period. While, cloth bags as well as
aluminium bag seeds was found to reduce great from the initial stage to 18 months of storage under room
temperature. At the end of storage periods, the vacuum packed seeds recorded significantly higher
protease activity (4.12 and 4.09 mg amino acid released /min/ml) kept at cold storage and room
temperature, respectively compared to aluminium bags (3.96 and 3.31 mg amino acid released /min/ml)
and cloth bags (3.81 and 3.29 mg amino acid released /min/ml). It is clear from the results that the
vacuum packed seeds could maintain higher values of protease activity compared to aluminium bags
followed by cloth bags throughout the storage period. It is also clear from the results that within the
treatments, there was no significant difference in vacuum packed seeds stored under either cold storage
or room temperature; while the cloth bags and the aluminium bags differed significantly with each other
throughout the storage period. Similar results were observed by [10] in wheat, [53] in radish, [39] in
sunflower. Same results of lipase activity were also observed in germinated seeds of castor bean [37]
,[50] in bajara & sorghum and the African bean [17].

Loss of viability of seeds has been correlated to enzymatic activity. [1] reported that the activity of
respiratory and associated enzymes viz,peroxidase, glutamic acid oxidase and catalase, activity of
hydrolytic enzymes viz, a-amylase, lipase, proteases, phytases and phosphatases is associated with the
degradation of organelles membranes, nucleoproteins, etc. In crop seeds, the development of amylase
activity constitutes an important event in germination. During germination of seeds, a massive
breakdown of the reserve substances begin with the help of amylolytic, proteolytic and lipolytic enzymes
and the products are transported to the growing seedlings for their development. The remaining small
amounts of protein represents enzymes concerned with metabolic processes during seed development
and germination [30]. Among the storage conditions, ambient storage recorded higher enzyme activities
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compared to cold storage. This may be due to higher temperature and higher metabolic activity under
ambient storage. These findings are in agreement with those of [55], [24] in castor, [31 ]in bush bean, and
[51] in wheat, [22] in sorghum and [34] in quinoa, [27] in oat seeds, [21] and [48] in mungbean.

CONCLUSIONS

Seed physiological and biochemical parameters deterioration is an inexorable and an irreversible process.
The quality and viability of onion seeds are subjected to variations during storage conditions and it has
been found that the life span of seeds depends on moisture content of the seeds, relative humidity,
temperature, light and oxygen content under which the seeds are stored. It has been found in the present
study that it is possible to extend the shelf life of onion seeds up to 18 months without deterioration in
seed biochemical parameters viz, enzyme activity such as a-amylase, lipase and protease and seed
physiological parameters such as mineral content (Cu, Mn, Zn and Mn), moisture content and electrical
conductivity by storing them under vacuum packaging. Since seed is an important input in agriculture
which determines not only the production but also the productivity, it is essential to maintain the seed
quality as well as seed vigor for better crop yield potential.
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