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Abstract

Jute bags versus airtight containers is a debate that plays out every harvest season in pulse-growing
communities across East Africa, usually settled by habit rather than any side-by-side comparison of
what each material actually does to stored grain over time. A six-month post-harvest research compared
four packaging materials, jute bag, plastic bag, vacuum pack, and airtight plastic container, for their
effect on moisture content, insect infestation, germination percentage, and overall grain quality of
stored common bean at Dodoma. Vacuum packing preserved grain quality most effectively, limiting
moisture gain to just 0.9 percentage points and insect damage to 2.1% of grains over the six-month
storage period, against 34.2% insect damage recorded in jute bags over the same duration. Germination
percentage after six months fell from an initial 94% to 88% under vacuum packing but collapsed to
61% under jute bag storage, reflecting both moisture-related deterioration and physical damage from
insect feeding. Airtight containers performed nearly as well as vacuum packing on insect exclusion but
showed somewhat higher moisture accumulation, likely due to residual air trapped within the container
at sealing. These results support vacuum packing or, where the equipment cost is prohibitive, well-
sealed airtight containers as substantially superior alternatives to the jute bags still most commonly
used across smallholder pulse storage systems in this region, particularly where grain is intended for
seed use or extended storage beyond three months.

Keywords: Pulses, post-harvest storage, packaging materials, grain moisture, insect infestation,
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Introduction

Compare a farmer's grain store in the first month after harvest to the same store six months
later, and the difference often has less to do with the crop's inherent storability than with the
packaging material that grain sat in the whole time. Common bean and other pulses stored
across East African smallholder systems typically move through several months of storage
before sale or consumption, during which moisture reabsorption, insect infestation, and mold
development can each independently degrade grain quality, seed viability, and market value
[1,2]

Jute bags remain the default packaging material across much of the region, valued for low
cost and easy handling, but their permeability to both moisture and insects means stored
grain remains exposed to ambient humidity fluctuation and insect entry throughout the
storage period [* 4. Plastic bags offer somewhat better moisture protection but rarely form a
complete seal against insect entry either, particularly where bags are reused or improperly
closed after partial withdrawal of grain I,

Hermetic storage technologies, including vacuum packing and sealed airtight containers,
work on a different principle entirely: rather than excluding insects and moisture through a
physical barrier alone, they reduce the oxygen available within the storage environment,
which suppresses both insect metabolism and mold growth even where some insects were
present in the grain at the time of sealing & /1. Research on hermetic storage for maize and
sorghum reports substantial reductions in storage losses relative to traditional bag storage,
though comparable pulse-specific research, particularly research that tracks germination
percentage alongside insect damage and moisture, remains less common & 91,
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This research set out to compare four packaging materials
directly under identical storage conditions over a full six-
month period, tracking moisture, insect damage, and
germination percentage together rather than any single
quality indicator in isolation, since seed-intended grain in
particular depends on germination viability in a way that
simple visual quality assessment does not capture.
Obijectives were to quantify moisture gain, insect infestation
percentage, and germination percentage of common bean
under four packaging materials over six months of ambient
storage, and to determine which packaging option best
preserves grain quality for both consumption and seed-use
purposes given the cost differences among the materials
tested.

Materials and Methods

Reagents and Chemicals

No chemical reagents were applied to any storage treatment,
since the research aimed to compare packaging material
effects under conditions representative of typical
smallholder  practice  without chemical  protectant
confounding the comparison. Germination testing used
standard distilled water and blotting paper substrate
following the International Seed Testing Association
protocol.

Materials

Common bean variety 'Uyole 96', a widely grown variety
across central Tanzania, was harvested at physiological
maturity, threshed, and sun-dried to 12% moisture content
before packaging. Four packaging materials were tested:
standard woven jute bags (50 kg capacity, as commonly
used in local markets), low-density polyethylene plastic
bags (0.05 mm thickness), vacuum-sealed high-barrier
polyethylene pouches (sealed using a commercial vacuum
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sealing unit to remove residual air before heat-sealing), and
rigid airtight plastic containers with rubber gasket seals (20
L capacity).

Field Experimental Design

Grain samples of 5 kg each were packaged into each of the
four packaging materials, with six replications per
treatment, and stored under ambient warehouse conditions at
Dodoma Institute of Agricultural Sciences for six months,
from July to December 2024, spanning the region's warmest
and most humid storage period, considered the most
demanding test window for packaging performance. Storage
racks were arranged in a randomized layout to avoid any
positional microclimate bias within the storage room, and
ambient temperature and relative humidity were logged
continuously throughout the storage period using a data
logger placed within the storage room.

Methods

Grain moisture content was measured monthly using a
calibrated grain moisture meter on a sub-sample drawn from
each replicate. Insect damage was assessed monthly by
visually inspecting a 200-gram sub-sample from each
replicate and calculating the percentage of grains showing
visible insect bore holes or internal damage upon cutting a
further sub-sample. Germination percentage was tested at
the start of storage and again at the six-month endpoint
following standard germination testing procedure, with 100
seeds per replicate placed on moistened blotting paper and
germinated seedlings counted after seven days. Data were
analyzed using analysis of variance appropriate to a
randomized design, with treatment means separated using
the least significant difference test at 5% probability.

Results

Jute bag

Plastic bag

28.6%

Airtight
container

Vacuum pack

Fig 1: Proportional share of total insect damage recorded across the four packaging materials over the six-month storage period

The proportional breakdown in Figure 1 shows jute bags
accounting for the largest share of total insect damage
recorded across the entire research, more than three times

the share attributed to vacuum-packed grain, despite all four
treatments starting from grain drawn from the same harvest
lot with an identical initial insect load.
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Fig 2: Grain moisture content trajectory across six months of storage under four packaging materials

Moisture content in Figure 2 rose steadily under jute bag
storage, tracking ambient humidity fluctuation fairly closely,
while vacuum-packed grain showed only a marginal rise

across the full six months, confirming that the hermetic seal
effectively isolated grain from ambient moisture exchange
for the duration of the research.

Table 1: Grain moisture, insect damage and germination percentage after six months of storage under four packaging materials

Packaging material Moisture gain (%) Insect damage (%) Germination (%) Mold incidence
Jute bag 6.8 34.2 61.4 Moderate
Plastic bag 34 18.6 76.8 Low
Vacuum pack 0.9 2.1 88.3 None observed
Airtight container 1.6 3.8 85.6 None observed
LSD (p = 0.05) 0.4 2.2 3.1 -

Germination percentage fell across every treatment relative
to the initial 94% baseline, but the magnitude of decline
varied sharply: jute bag storage lost 33 percentage points of
germination capacity, while vacuum packing lost less than 6

points, a difference with direct consequence for anyone
intending to use stored grain as seed for the following
planting season rather than only for consumption.

Table 2: Monthly progression of insect damage percentage across storage period

Month Jute bag (%) Plastic bag (%) Vacuum pack (%) Airtight container (%)
Month 1 4.2 2.6 0.3 0.4
Month 2 9.8 5.4 0.6 0.9
Month 3 16.5 9.2 1.0 1.6
Month 4 23.1 134 14 2.3
Month 5 28.9 16.1 1.8 3.1
Month 6 34.2 18.6 2.1 3.8
Harvested pulse
grain (12% moisture)
o
Sun-drying to
safe moisture level
Packaging material Sealing &
selection labeling
\‘ ‘/

Storage under
ambient conditions

'
Periodic quality
monitoring

Fig 3: Post-harvest handling and storage protocol followed for all packaging treatments
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Comprehensive Interpretation

The monthly progression in Table 2 shows insect damage
under jute bag storage accelerating rather than staying
constant across the storage period, nearly doubling between
month 2 and month 4 alone, which suggests an insect
population actively reproducing within the stored grain
rather than only the original harvest-time infestation slowly
expressing itself. Vacuum-packed and airtight container
treatments, by contrast, show damage percentages that
barely moved past month 2, consistent with an oxygen-
limited environment that suppresses insect reproduction
rather than merely slowing feeding activity.

Discussion

The scale of difference between jute bag and vacuum pack
outcomes recorded here sits toward the higher end of what
hermetic storage research on other grain crops has reported,
though direct comparison is complicated by differences in
ambient storage conditions, initial insect load, and grain
type across studies [® &, Dodoma's storage trial period,
spanning the region's warmest and most humid months,
likely represents something close to a worst-case test for
jute bag performance, meaning the gap recorded here may
be somewhat narrower under cooler or drier storage
conditions elsewhere, though the direction of the effect
would be expected to hold regardless of climate.
Germination percentage tracking insect damage and
moisture gain fairly closely across treatments supports
treating these three quality indicators as interconnected
rather than independent outcomes of storage condition.
Insect feeding damages the seed embryo directly in many
cases, while elevated moisture accelerates seed respiration
and metabolic deterioration even where insects are not
directly involved, and separating out which mechanism
dominates germination loss under jute bag storage would
need additional research isolating moisture and insect
effects independently, something this trial's design, which
varied packaging material as a combined bundle of
properties, cannot fully disentangle [ 191,

Airtight containers performing nearly as well as vacuum
packing, despite lacking the active air removal step,
suggests that for smallholder farmers unable to access or
afford vacuum sealing equipment, a well-sealed rigid
container represents a genuinely viable intermediate option,
delivering most of the insect exclusion benefit of vacuum
packing at a lower equipment cost and with reusable,
durable packaging rather than single-use vacuum pouches
1t 12 This has direct relevance for extension
recommendations aimed at smallholder seed producers who
need reliable germination outcomes but cannot justify
vacuum sealing equipment costs for modest grain quantities.

Limitations

This research was conducted over a single six-month storage
cycle at one location during the warmest storage season, so
results may not directly generalize to cooler or drier storage
periods, or to storage durations beyond six months where
even hermetic packaging methods may eventually show
quality decline as trapped moisture and grain respiration
interact over longer timeframes. Only one bean variety was
tested, and packaging performance could differ somewhat
for pulse species with different seed coat characteristics or
initial insect susceptibility.

https://www.agriculturejournal.net

Conclusion

This research aimed to compare four packaging materials
directly under identical storage conditions to determine
which best preserves common bean quality over a
demanding six-month storage period. Vacuum packing
preserved grain quality most effectively across every
measure tested, moisture gain, insect damage, and
germination percentage, followed closely by airtight
containers, while jute bags, still the most commonly used
packaging material across smallholder pulse storage in this
region, performed markedly worse on every indicator,
particularly germination percentage relevant to seed-
intended grain. For farmers and seed producers storing
pulses beyond three months, especially through warm and
humid periods, switching from jute bags to vacuum packing
or well-sealed airtight containers offers a substantial,
measurable quality benefit at a modest equipment cost
relative to the grain value protected. Future research
extending this comparison across multiple pulse species,
storage durations beyond six months, and cooler storage
seasons would help establish how broadly these packaging
recommendations apply across the wider range of conditions
under which smallholder pulse storage actually takes place.
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